MHUHUCTEPCTBO HAYKH U BBICILIETO OBPA3OBAHMSI
POCCHUHMCKOU OEEPAITAU

Denepanbroe rocy1apcTBeHHOE GIOUKETHOE 00pa30BaTeNbHOE YUpEKICHHE
BBICLIETO 00pa30BaHHUs
«MarHuToropckHit rocy 1apcTBEeHHBIH TexHuueckuil yauBepcutet um. I'.11. HocoBa»

<>

VYTBEPXJIAIO
Jupextop MMMuM
A.C.|CaBunoB

20003.2020 r.

PABOYASA TPOT'PAMMA JUCHUIIJIMHBI (MOIVJIS)

MOJETHPOBAHHE XUHMHUKO-TEXHOJIOT H4ECKHX IIPOL[ECCOB

Hanpanenue noaAroToBKH (CHeHaaIbHOCTh)
18.03.01 Xumuueckast TeXHOJIOTHS

HanpasneHnocts (mpoduiib/criennannu3anis) IporpaMMbl
XuMHuYecKast TEXHOJIOTHS PUPO/IHBIX YHEPrOHOCHTENEH U yIIIepOJHbIX MaTepHaloB

Vposensb Beiciiero 06pa3oBanus - GakanaBpHuaT
[TporpamMma oAroTOBKH - aKaJ[eMHYecknit OakanaBpuar

dopma 00ydeHus
oyHast

Uucturyt/ pakynprer  MHCTHTYT MECTAILUTYPIHH, MalIHHOCTPOCHHS | MaTepHariooopaboTKH

Kacdenpa MerTalyprus 1 XHMHYECKHX TEXHOJIOTHI
Kype 4
Cemectp 8

MarHuToropck

2019 rox



Pabouas nporpamma cocrasieHa Ha ocHoBe ®I'OC BO no HanpaBiaeHHIO NOATOTOBKH
18.03.01 Xumuyeckas texHosnorus (ypoBeHb OakanaBpuara) (npuka3z MunoOpaayku Poccuu ot
11.08.2016 r. Ne 1005)

PaGouyas nmporpamMma pacecMoTpeHa u ofo0peHa Ha 3aceanuu Kadenpsl Metannypruy 1

XUMHUYECKHUX TEXHOJIOTHM ) /

18.02.2020, npotokoin Ne 6 A
H (/‘A/’_(

3aB. kadeapoit A.C. XapueHko

PaGouas nporpamMma oo0pena Metoauyeckoit komuccueit UMMuM

20.03.2020 r. mpoTtokos Ne 5 :
[Tpencenaréns A.C. CaBuHOB

PaGouas nporpamMma cocTaBieHa: y { k >
npodeccop kabenpst MuXT, 1-p pus.-mat. Hayk —t 2 A.H. CmupHOB
/f

¢

CAIQH3EHT:
JIY LU T cner(uanncr HTIl TAJIIl TTAO «MMK» MuXT, kana. TexH. HayK
E.H. CrenaHoB




I4’

Jluer akTyaansanua padodeii nporpaMmel
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3as. kadenpoii A.C. Xapuenko




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

CBOOOJHOE BJAJ€HHME OCHOBHBIMH METOJAMM IIOCTPOEHUS, YUCIEHHOI'O pELICHMS,
peanu3anuu (MpeAcTaBiIeHUs ) U CCIEI0BaHus ¢ noMolpo OBM maremarnueckux Moienei;

OCBOEHHE CYHIECTBYIOIIHUX OCHOBHBIX MAaTEMaTHYECKHUX MOJEJECH, HCIIOJIb3YEMBIX IIPH
OIMCaHUU XUMUKO-TEXHOJIOTMYECKHUX ITPOLIECCOB.

2 MecTo TMCUHMIIMHBI (MO1YJIsI) B CTPYKTYpe 00pa30oBaTe/bHOil IPOrpaMMbl

Jucuunnuaa MogenupoBaHue XHMHMKO-TEXHOJIOTMYECKHMX —IPOLIECCOB BXOAWUT B
BapHUaTUBHYIO YacTh y4eOHOT0 T1aHa 00pa3oBaTeIbHON IPOrPaMMBI.

Jis  u3ydeHus  AMCUMIUIMHBI  HEOOXOAMMBI  3HAHUS  (YMEHHMs,  BJaJCHUsA),
c(OpMHUPOBAHHBIC B PE3YJIbTATE U3YUCHHSI JUCIUTUTUH/ IPAKTUK:

Marematuka

HNudopmartuka

duznueckas XuMus

XHWMHYECKUE PEAKTOPBI

MaccooOMeHHBIE ITPOLIECChl XUMUYECKON TEXHOJIOTUN

TexHunueckas TepMOJUHAMUKA U TEIIJIOTEXHUKA

[Ipoueccsl u anmapaThl XUMHYECKON TEXHOJIOTUU

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYECHUH AAHHON AUCLUHUILIIMHBI OyayT
HEOOXOAUMBI ISl U3yUCHUS TUCIUTLTIH/TIPAKTHK:

Y4eOHo-uccaenoBaTeNbeckas padboTa CTyIeHTa

[ToaroroBka K 3aIMTe U 3alIUTA BBITYCKHOM KBAJIM()UKAIIMOHHOM pabOThI

[1nanupoBaHue U opraHu3anus SKCIEPUMEHTA

3 Komnerenuun odyyarouierocs, (popMupyemMbie B pe3y/ibTaTe 0CBOEHUS
AUCHMILIMHBI (MOAYJIS) U IVIAHUPYEMbIe pe3y/IbTaThbl 00y4eHHUs
B pe3yibTare OCBOCHHUS JUCLIUIUIMHBI (Momyns) «MojenupoBaHue
XMMHKO-TEXHOJIOTHYECKUX MPOLECCOB» OOydaromuiics JObKeH o0nafarh  ClaelyroluMU
KOMIIETEHIMSIMU:
CtpyKTypHBII [Inanupyemsble pe3yabTaThl 00yUeHHS
JJIEMEHT
KOMIIETEHIINH
[TK-16 crnocoOHOCTBIO IUTAHUPOBATh U TPOBOAUTDH (PU3MUECKHE U XMMHUECKHUE IKCIIEPUMEHTHI,
IPOBOJIUTH 00pabOTKY MX Pe3yJIbTaTOB U OLIEHUBATH MOIPEIIHOCTH, BBIABUTaTh TMIIOTE3bI U
YCTaHABJIMBATh I'PAHUIIBI UX IPUMEHEHUSI, IPUMEHSTh METO/Ibl MATEMAaTUYECKOI0 aHAIN3a U
MOJIEJIMPOBAHUS, TEOPETUYECKOTO U IKCIIEPUMEHTAIBHOTO UCCIIEI0BaHUS




3HaTh

MIOHSATHSI «MOJIENbY, «MaTeMaTH4eCcKasi MOJIEIb)», HEOOXO0IUMOCTh HaJIU4IHs
MaTEMaTHYECKON MOJENHN Ul OIIMCAHUS IPOU3BOJICTBEHHOTO
XUMHKO-TEXHOJIOTHYECKOI0 MPOLIecca;

(U3NKO-XUMHYECKUI METOJ] MOJICTTMPOBAHNUS PABHOBECHOT'O COCTaBa
pacTBopa;

MOHATHE O IMHEHHOW 3aBHCUMOCTHU/HE3aBUCUMOCTH XUMHYECKHUX PEaKIIHiA;
OCHOBHBIE OJIOK-CXEMBbI JJIsl OTIMCAHUS BBIYUCIUTEILHOTO aJITOPUTMA;
OCHOBHBIE YHCIIEHHBIE METO/Ibl PELICHNSI HEJTMHENHBIX YPaBHEHUH,
MOJIy4aeMbIX B X0J1€ (PU3UKO-XUMUYECKOTO MOJICIMPOBAHUS PABHOBECHOTO
coCTaBa pacTBOpa;

OocHOBHBIE MU depeHIraTbHbIe ypaBHEeHN (POPMaTbHON KHHETHUKH;
OCHOBHBIE METO/Ibl YUCIICHHOTO pelieHus Ju(epeHInanbHbIX ypaBHEHUH;
00IIIyI0 METOIMKY MMOCTPOCHUS (BhIBeACHUS) MU depeHITnaTbHBIX
ypaBHEHMI Ha OCHOBE MaTEPUAIBHOTO U TEIJIOBOTO OaslaHCa;
nuddepeHnanbHble ypaBHEHUSI HENPEPHIBHOCTH MOTOKA /ISt
HEYCTaHOBUBUIETOCS JIBUKEHUSI HEC)KUMAEMOM KUIAKOCTH,
TEIUIONPOBOJHOCTH, KOHBEKTUBHOM TEIIONPOBOAHOCTH, Tuddy3umu,
KOHBEKTHBHOH nu(y3un; ypaBHEHHE MaTepHAILHOTO Oaanca s
AJIIEMEHTapHOro 00bEMa peakTopa J00ro TUMa.

3JIEMEHTHI TEOpUH N0100Us (IPOUCXOXKIEHUE KPUTEPUEB IO100N,
KpUTEpUATBHBIX YPaBHEHH, OMUCHIBAIOLINX MTPOLIECC MepEeHOCca TEIIa,
Macchl);

ypaBHEHHE CTaHJIAPTHOTO HOPMAJILHOTO pacIipe/ieIeH s, €0 CBOICTBA,

YmMmern

BBIBECTH OCHOBHbIE YpaBHEHUS! (OPMaIbHON KHHETHKU;

YMETh aHAJTUTUYCCKH PEIIUTh OCHOBHBIC YpaBHEHUS (POpPMaIbHOU
KHHCTHUKU,

BBIBECTH Ha OCHOBE MaTEPHUAIHLHOTO WU TETJIOBOTO OallaHca OCHOBHBIE
nuddepeHnaIbHble YpaBHEHUS: HEMPEPHIBHOCTH MOTOKA JIJIsS
HEYCTaHOBUBIIETOCS IBUYKEHUSI HEC)KUMAEMOU KUIAKOCTH,
TEIIONPOBOJHOCTH, KOHBEKTUBHOM TEIIONPOBOAHOCTH, Tuddy3umu,
KOHBEKTHBHOU AU dy3uH; ypaBHEHHE MaTepUaIbLHOrO OanaHca A
3JIEMEHTApPHOT0 00bhEMA peakTopa JH00ro TUMA;

Bnanets

METOJIOM CTaTUCTUYECKOI0 aHAJIN3a OAHOPOJHOCTU AUCIIEPCHL;
METOJIOM CTaTUCTHUYECKOI0 aHAJIN3a BHIOOPKU Ha HAJTM4ME IPyObIX OIINOOK;
METOJIOM CTaTUCTHUYECKOI0 aHAJIN3a OJHOPOJHOCTU CPEIHUX;

MeTO0JIOM HauMeHbIuX kBajapaTos (MHK);

METOA0M 00pabOTKH pe3yabTaTOB MACCUBHBIX SKCIIEPUMEHTOB HAa OCHOBE
MHK;

MeTtooM [IDD; aHanu3 nosyyeHHOW MOJIENH Ha aJJIEeKBaTHOCTb U
paboTOCIIOCOOHOCTH;

meTonom [JD3;

METOJIOM MOCTPOEHHUSI MHOTOYPOBHEBOTO MHOT'O()aKTOPHOIO IJIaHa,
HCIOJIb3YIOLIETO CBOWCTBA JJIATUHCKUX KBaJIpaToB.

OIIK-5

BIaJCHHUEM OCHOBHBIMH MCTOJAaMU, crocodamMu u CpeacTBaMu IMOJIYyYCHH,

XpaHeHus, nepepaboTKu HHPOPMAIUH, HaBbIKaMU pabOThI C KOMIIBIOTEPOM KaK CPEJICTBOM
ylnpaBieHus: HHpopmMaruei




3HaTh

uHTep(Qeiic 1 OCHOBHBIE BO3MOKHOCTH IPOrpaMM OOIIETr0 Ha3HAYEHUs
(371eKTpOHHBIE TaOJIMIIbI) U CTICHUATN3UPOBAHHBIX ITPOTPAMM VIS PELICHHUS
3a/1a4, CBA3aHHBIX C MATEMaTUYECKUM MOJEIUPOBAHUEM;

BO3MOKHOCTH TabauuHoro npoueccopa (TII) mpu perennn THIOBBIX 3a71ay;

YMeTs

€03/1aTh COOCTBEHHYIO (PYHKIIHIO B TAOJIMYHOM MPOIIECCOPE;
MCIOJIb30BaTh BO3MokHOCTH TII aiist peanuzanuu anropuTma mno 0J0K-
CXEME;

BEIOTHUTH B TI1 BEIYMCIICHMS 110 UTEPAITMOHHBIM (popMyam;

Bnanets

MPAaKTUYECKHUMHU HaBBbIKaMU paboTsl B TabimyHoM npoueccope (TID);
MPaKTUYECKHUMHU HaBBIKAMHU paOOTHI B CIICIIHATH3UPOBAHHBIX
MAaTCMAaTUUYCCKHUX ITaKCTaxX MPUKIAAHBIX ITPOTrpaMM;




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIs)
OO0mas TpyI0€MKOCTh JUCIUIUIMHBI COCTABISIET 4 3a4eTHBIX enuHull 144 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKTHas padora — 58,95 akan. yacos:
— ayJUuTOpHAs — 95 aKaJl. 4acos;

— BHeaynutopHas — 3,95 akaj. 4yacoB

— caMmocrosTenbHas padora — 49,35 akan. 4acos;
— MOJTOTOBKA K dK3aMeHy — 35,7 akaj. yaca
- B (hopme mpakTUIECKOW MOATOTOBKY 4 aKkaji. 4acoB

®dopma aTTecTaluy - SK3aMEH

Paznein/ tema
JCIUATIIUHEI

Cemectp

AynutopHast
KOHTaKTHast pabora
(B akaz. yacax)

11a0.
3aH.

Jlek.
3aH.

IIPAKT.

CamocrosrenbHas

paboTta cTymeHTa

Bung
CaMOCTOSITEILHON
padoThI

®dopma TeKyILero
KOHTPOJIS
yCIIEBAEMOCTHU U
MIPOMEKYTOUHON
aTTeCTaluu

Kon
KOMIIETEHIIMH

1. Pasgen
MOIeTTPOBaHIS"

"O0ue BOIPOCHI

1.1 OO6mree MOHATHE
MOJCIIH. MHoroo6pasue
hopm MIPeICTABICHHUS
MOJEIH. Tlonsitue 0
MaTeMaTHIEeCKOM
MO/JICITUPOBAHUH.
OCHOBHBIE  TIOIXOILI K
MOCTPOCHHUIO
MaTeMaTHYECKHUX MOJIEIIEH.
AHaIUTHYECKUH TMOAXO0Hd K
MO/ICTUPOBAHUIO.
DKCrepuMEHTATbHBIN
MOJIXOJT K MOJICTIUPOBAHHMIO.
KomOuHupoBaHHbIH
MOJIXOJT K MOJICTIUPOBAHHMIO.
OCHOBHBIC 3TaIbI
MOCTPOCHHUS
MaTEeMaTHYECKUX MOJISIICH.
TpuenuHcTBo rporecca
MO/JICITUPOBAHUSA:  MOJEJIb,

3 2/21

BremonaeHnne
MPAaKTUIECKUX
pa6ot (bmox Nel).

Komnnoksuym.

[1K-16, OIIK-5

1.2
MaTeMaTHYECKOTO
MOJIETUPOBAHUS u3
Pa3IN4HBIX obracreit
3HaHus (pus3muka, BOEHHOE
JIENI0, OMOJIOTHS).

IIpumepsr

BremonaeHnne
MPaKTUIECKUX
pabort (biox Nel).

Kommoksuym.

[IK-16, OIIK-5

Wroro no pazneny

4 2/21

2. Paszgen
HOIXO0/, K
XUMHKO-TEXHOJIOTHIECKUX
MpoLEeccoB”

" AHATUTHYECKHAH
MO/JICJIUPOBAHHIO




2.1 ITonsarue 0
(U3HKO-XMMUUECKOM

MOIEINPOBAHHH.
OCHOBHBIE CBEICHHS U3
Kypca "®duznyeckas

xumus".  TepmoanHamuKa
XUMHUYECKUX

IIPEBPALCHU.
Hanpasnenne xuMuueckux
peaxuui. YpaBHeHue
HU30TEPMBI XUMHYECKOMN
peaxuuu. CriocoOsl
ONHUCaHUSA  KOHIEHTpAIUU
pearupymoomux  BEIEeCTB.

U3menenne SHEPTUU
I'n6bca B Xome peakiuH.
VpaBHenue HU30TEPMBI

XHUMHAYECKOI peakiuu B
CTaHJAPTHBIX  YCIOBHSAX.
CBs13b MEXYy KOHCTaHTaMHU
paBHOBECHS B 3aBUCUMOCTH
or cmocoba  omuCaHUA
cocTaBa PeaKIMOHHOMN
CMecCH. T'ereporennoe
XMMHYECKOE paBHOBECHE:
3aIiCh KOHCTaHT
paBHOBecus. OmpeneneHue
KOHCTaHT paBHOBECHS IIPH
Pa3NMYHBIX TEeMIIEpaTypax.
Ilomatue o  JuHeWHOU
3aBUCUMOCTH XMMHYECKUX
peaxiuii. Merton
Témkuna-llIBapumana ams
pacuéra KOHCTaHT
paBHOBECHSL. Pacuér
KOHCTaHTbl pPaBHOBECHs Ha
OCHOBE PaBHOBECHBIX
KOHLIEHTpauui
pearupyoummx — BEIIeCTB.
Pacuér PaBHOBECHBIX
KOHLIEHTpallMii Ha OCHOBE
KOHCTaHTbl ~ pPaBHOBECHSL.
Meronuka pacuéra
PaBHOBECHBIX
KOHLIEHTpaLui npu
OJIHOBPEMEHHOM
MPOTEKAHUH  HECKOJBKUX
peaxuuit (MeToauka
MO/JICITUPOBAHUS
PaBHOBECHOTO cocraBa
pactBopa). OrpaHu4eHus
TEPMOIMHAMHUYECKOTO
oJxo0/1a B cirydae
MOJICTUpOBaHusl  (pacuéra)
PaBHOBECHOTO cocraBa

6/211

Brimonnenue
MPAKTHIECKUX
pa6ot (bnok Ne2).

Komnoksuym no
3agavam.

[1K-16, OIIK-5

2.2 Kunernueckue
0COOCHHOCTH  TPOTEKAHUS
XUMHYECKUX peaxiuii.
Merouka COCTaBJICHUS
CUCTEM ypaBHEHUH,
OITUCHIBAIOIIUX
PaBHOBECHBIC
KOHIICHTPAIlM  BEIECTB,
MPUHUMAIONINX YYacTHE B
XHUMHUYECKUAX PEAKIHSX.

4/21

BremonaeHnne
MPaKTUIECKUX
pabort (biox Ne3).

KomnokBuym no
3a7ayam.

[IK-16, OIIK-5




2.3 JIuddepenumaibHbie
YpaBHEHHSI HEIPEPHIBHOCTH
MOTOKA UL
HEYCTaHOBHBIIIETOCS
JIBIDKEHUsI ~ HEC)KUMaeMOM
JKHIKOCTH,
TETJIONPOBOJHOCTH,
KOHBEKTHUBHOM
TETJIONPOBOJHOCTH,
mup¢dy3uu, KOHBEKTHBHOMN
U dysnu; ypaBHEHHUE
MarepuanbHOro  OanaHca
UL 3JIEMEHTapHOTO
00béMa peakTopa IH000r0
tuma. OOmye cBeieHHs O
Teopuu noaoous.
OcHoBHEIE KpUTEpUN
nonobus. KpurepuanbHbie

5,35

TToaroroBka k
CEMHHApPCKOMY
3aHATHIO.

CemuHapckoe
3aHATHE.

I1K-16, OIIK-5

Uroro mo pazneny

14

10/41

17,35

3. Pazgen "DkcnepuMeHTaNbHbII

noaxon"

31 CraTucTHYECKHE
METOJIBI aHam3a
IKCIIEPUMEHTANTBHBIX
JTAHHBIX.
DKCrnepuMeHTaIbHbIE
OLICHKH WCTUHHOTO
3HAYCHUS u3MepsieMoi
CITy49aifHO! BENMYWHBI U €&
mucnepcun. OnpeneneHue
rpyObIX  OMIMOOK  Ccpeau
pe3yJbTaTOB IOBTOPHOCTEH
OTIBITA.
CpenHeB3BEeIICHHBIC
OLICHKH JICTIEPCHU.
Amnanus OJIHOPOJHOCTH
MCXOIHBIX OLICHOK
mucnepcun. OnpenencHue
JOBEPUTENBHON  OIIMOKH

9KCIEPUMEHTANbHOMN

OIICHKH H3MEepSAEeMOro
napamerpa. Omnpenenenue
qrca HOBTOPHOCTEI
ombITa, 00ECIEUYNBAIOIIETO
TOJTy4eHUE 3a/1laHHOM
JIOBEPUTENLHOW  OIMIMOKH
OIICHKH OIIpeIeTIEMOTO
napamerpa. IIposepka

HOPMaJIbHOCTHU 3aKOHa

Brimonnenue
MPAKTHIECKUX
pabot (biox Ned).

I1K-16, OIIK-5




3.2  IlnanupoBanue
o6paboTka pe3yIbTaToB
01HO(haKTOPHOTO
9KCHEPUMEHTOB.
dopmanmzanus
IKCTIEPUMEHTANBHBIX
JaHHBIX METOJIOM
HAaUMCHBIIUX  KBAaJPaToB.
CUMMeTpHIHBINA u
PaBHOMEPHBIi TUTaH
01HO(haKTOPHOTO
skcnepuMeHTa. IIposepka
a/IeKBaTHOCTH
MOJTyYCHHOTO YpaBHEHHS H
€ro HCIOJNb30BaHHE IS
ONTHMHU3ALUK  IIpoLecca.

[omyuenune
9KCIOHEHIINATBHON
3aBUCHMOCTH 1o
pe3yibTaTam
OJTHO(AKTOPHBIX
9KCIIEPUMEHTOB.
JIByXypOBHEBbIE TUTaHBI
MHOTO(paKTOPHBIX
9KCIIEPUMEHTOB. Meron
HaWMEHBIINX  KBaapaToB
pu o0paboTke
pe3yJIbTaToB
MHOT0()aKTOpHOI'0
JKCIIEPUMEHTA.
JByxypoBHeBbIil Il1aH Brimonnenue
TTOJIHOTO (axropuoro 6 6/41 6 MPaKTUYECKUX TIK-16, OIIK-5
JKCIIEPUMEHTA 132N, pa6ot (binok Ne4).
VYpaBHEeHHs, TOTydaeMble
o pe3ynbTartam
peanu3anuu TUTAaHOB
IIdB2n.  CraTucTuuecKuii
aHanm3 3HAYUMOCTH
OLEHOK K03 duineHTos
ypaBHEHHS, ero
a/IeKBaTHOCTH u
paboTOCIIOCOOHOCTH.
JpoOusrit (baxTopHbIH
skcriepument  JJdI2n-n'.
IInanupoBanue
IKCIIEPUMEHTA npu
U3MEHSIOIEMCS BO
BpEMEHH  BIMSHHM  Ha
porecc HEYUYTEHHBIX
¢axropos. Hcmonb3oBanue
miadoB [1®32n API32n-n'
JUI TIOJTYYEHUS] ypaBHEHHUSI
nporecca B BUJIE
9KCHOHEHIIMAIbHON
3aBHCHUMOCTH.
PaccmoTpenue npumepos.
MHoroypoBHeBbIE
MHOTO(aKTOPHBIC  ILIaHBI,
UCIIOJIB3YIOIHE — CBOWCTBA
JIATUHCKUX KBa/IPaTOB.
IToctpoenue TUTAHOB.
ITomyuyenune u
UCIIOJIb30BaHUE JUTSt
Hroro no pazaeny 11 8/41 12

4. Paznmen "KomOuMHMpOBaHHBIN

merox"




4.1 OcobeHHocTu
KOMOWHHPOBaHHBIX
MaTEeMaTHIECKUX MOJIEIEH.
PaccmoTpenne
MaTEeMaTHYECKUX MOJelei
u3 obnacti
npodecCHOHATEHON
KOMITCTCHITUH
(IporHO3UpOBaHUE
nokasareneit KavecTBa
Kokca M25 u M10).

2/21

12

TToaroroBka k
CEMHHApPCKOMY
3aHATHIO.

CemuHapckoe
3aHATHE.

I1K-16, OIIK-5

Hroro no pasgeny

2/21

12

5. Pasgen "Ok3amen"

5.1 Dx3amen

TToaroroBka k
SK3aMEHY

DK3aMeH

I1K-16, OIIK-5

Hroro no pasgeny

Hroro 3a cemectp

33

22/121

49,35

OK3aMCH

Hroro no JUCIHUIIIINHE

33

22/121

49,35

OK3aMCH

ITK-16,0I1K-5




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jnst  JAOCTOKEHWsI  IUIAHUPYEMBIX — pe3yabTaroB  OOy4YeHHs, B  JUCHUIUINHE
«MoJienupoBaHue  XMMHUKO-TEXHOJIOTMYECKHX  IPOLECCOB»  HUCIOJNB3YIOTCS  pa3iuyHbIe
00pa3oBaTeNbHbIC TEXHOJIOTUU:

1. HMuadopmannoOHHO-pa3BUBAIOIINE TEXHOJIOTUHM, HAIMPABICHHbIE HA OBJIAJCHHE
OOJIBIIUM 3allacoM 3HAHWM, 3allOMHHAHUE W CBOOOJHOE orepupoBaHWe MMHU. Mcmosb3yercs
JEKIIMOHHO-CEMUHAPCKUN METOJI, CAMOCTOSITEIbHOE U3YUECHUE TUTEPATYPhl, IPUMEHEHHE HOBBIX
UH(POPMALIMOHHBIX TEXHOJIOTUH JUISI CaMOCTOSITEIbHOTO TIOMOJNHEHUs 3HAHWM, BKIFOYAs
UCTIOJIb30BaHUE TEXHUUECKUX U JIEKTPOHHBIX CPEJICTB HH(POPMAIINH;

2. JlesTenbHOCTHBIE MPAKTUKO-OPHEHTHPOBAHHBIC TEXHOJOIWH, HAIpPABJICHHBIC Ha
¢dopMHpoBaHHE CHUCTEMBI NPOPECCHOHATBHBIX MPAKTHUYECKUX YMEHHMHA TIpU MPOBEACHUHU
AKCIEPUMEHTATIBHBIX UCCIICAOBAHMH, 00ECTICUNBAIOIINX BO3MOKHOCTh KAYECTBEHHO BBITIOIHSTh
po(heCcCHOHATTLHYIO e TEIbHOCTD;

3. Pa3BuBaromme mnpoOJIEMHO-OPHEHTUPOBAHHBIC TEXHOJOTHH, HaIPaBJICHHBIC Ha
dopmupoBaHHEe W pa3BUTHE TPOOJIEMHOTO MBINUICHUS, MBICIUTEIFHOW AKTUBHOCTH,
CIIOCOOHOCTH NMPOOJIEMHO MBICIHUTD, BUIETHh U (OPMYITUPOBATH POOIEMBI, BEIOUPATH CIIOCOOBI U
cpeAcTBa ans HMX pemeHus. VICmonp3yloTcs CIeayromue BHIBI MPOOJEMHOTO OOydYeHUS:
OCBCIIICHUE OCHOBHBIX IMPOOJIEM HM3y4aeMOW IUCIMILIMHBI HA JICKIHSX, Y4eOHbIC JUCKYCCHUH,
pemieHre 3ajad TOBBIMICHHON ClOXHOCTU. llpenongaBarens Wb CO3JaeT MPOOIEMHYIO
CHUTYAIIHIO, a pa3pemaroT e€ 00yJaeMbIe B X0/ CAMOCTOSTEIILHOW ICATEIIbHOCTH;

4. JIMYHOCTHO-OPUEHTUPOBAHHBIE TEXHOJIOTMHM OO0y4YeHHs, oOecrneuuBarollie B XOJe
y4eOHOTO IMpolecca Y4eT pas3iMyHbIX CHOCOOHOCTEH 00ydaeMbIX, CO3JaHHE HEOOXOIMMBIX
YCIIOBHH TSl pa3BUTHUS UX MHIUBHIYaJIbHBIX CIIOCOOHOCTEH, Pa3BUTHE aKTUBHOCTH JTMYHOCTH B
y4eOHOM Tmporiecce. JIMYHOCTHO-OPUEHTHPOBAHHBIC TEXHOJOTMH OOYUYCHHS PEaM3yloTCs B
pe3ynabTaTe MHIUBUAYATLHOTO OOMICHUS IMPEToAaBaTelisi M CTYJACHTAa Ha KOHCYJbTAIHX, MPH
BBIMOJIHCHUH JIOMAIIHUX WHMBHyalbHbBIX 33JJaHHI, IOJrOTOBKE WHANBUAYAILHBIX OTYETOB 110
VH/IMBUIYaJIbHBIM 33/IaHUSIM, PEIICHUH 3a]1a4.

Mertoanyeckasi ~ KOHIICTIUS  TPETOAaBaHUS  TUCHHMIUIMHBI  «MoxenupoBaHue
XUMHKO-TEXHOJIOTMYECKHX IMPOLIECCOB» TMpeAycMaTpUBaeT aKTUBHYIO (OpMy YCBOEHUs
Marepuaia, KoTopasi 00ecreuynBaeT MaKCUMAIBHYIO CaMOCTOSITEIbHOCTh CTYJCHTa B PEIICHUU
TEXHOJOTHYECKHX 3a/1a4 MTPH BHITIOTHEHUH 3aJaHHH.

Taxoke mperycMOTpPEeHBI Pa3InYHbIe BU/IbI JICKIIMOHHBIX 3aHATHI:

- JIeKIUs ¢ pa300poM KOHKPETHOH 3a7auu, U3JI0)KEHHOM B YCTHOM (opme MM B BUIE
ClIaiiia WM BUIC03AITHCH, CTYICHTHI COBMECTHO C MPETOAaBaTeIeM 00CYKIAIOT 1 aHATU3UPYIOT
NpeJICTaBJICHHBIN MaTepHa,

- JIGKIUA ¢ pa300poM HEpEeIIeHHBIX U MPOOJIEMHBIX BOIPOCOB TUCIHMITIMHBI — aHATU3 H
00CyX/1IeHUE BO3MOXHBIX BAPUAHTOB PEILIEHHSI ATUX BOIIPOCOB.

CamocrosTenbHas padoTa CTUMYJIUPYET CTYACHTOB K CAMOCTOSITEILHON popaboTKe TeM
B TIpollecce HamucaHus pedeparoB, BBHINOJHEHUS WHIAMBUAYAIbHBIX 3a/laHUl, B TpOIEcce
MOJrOTOBKH K KOJUTIOKBHYMaM M UTOTOBOM aTTECTallNH.

HHTepakTHBHOE 00yueHHE BKIIOYAET CIIEIYIOLINE METO/IbI:

- paboTa B KOMaH]1e

- npo0seMHOe 00y4YeHne

- KOHTEKCTHOE 00y4YeHHNE

- oOyueHre Ha OCHOBE OTIBITa

- MEeXIUCITUTUIMHAPHOE O0yUEeHHE

- IBpHUCTHUYECKas Oecena

- yueOHast AUCKYCCHS.

Jlisi OLIEHKM 3HaHMN PEKOMEHAYeTCs HCIOJb30BaTh PEHTHHIOBYIO CHCTEMY, KOTOpas
o0ecreunBaeT TUarHOCTUKY JOCTIKEHHS 00y4aeMbIM 3aJIaHHOTO YPOBHSI KOMIIETEHTHOCTH Ha
KaXJIOM 3Talle TeKyIIero, MpOMeXyTOYHOT0 U pyOeKHOT0, UTOrOBOTr0 KOHTpos. Llens



CTyeHTa — HaOpaTh MakCUMalIbHOE YncIiIo 6amnoB. [Ipu peTUHTOBOI crcTeMe pe3Ko BO3pacTaeT
POJIb TEKYIIEro KOHTPOJIsA. B KoHIIE cemecTpa, CTyneHThI, HabpaBiiue cyMmmapHbIid peidTiuHT 50%
IIOJIyYaloT JIOIYCK K 3K3aMEHY.

6 YueOHO-MeTOAUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOI PadoThl 00y4yaroIMXCcst
IIpencrasneno B npuiioxeHu 1.

7 OueHoYHbIE CPeCTBA IJIs POBeIeHUs POMEKYTOYHOM aTTecTaluu
[IpencraBieHbl B IPUIOKEHUH 2.

8 YueOHo-MeTOAMYecKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIITIHHBI (MOTYJIs1)

a) OcHoBHas TUTEpaTypa:

1. Edpemos, I'. 1. MoaenupoBaHre XHMHKO-TEXHOJIOIMYECKHUX IPOLIECCOB : yueOHHUK /
[""U. EppemoB. — Mocksa : UH®PA-M, 2019. — 255 c. + Jlon. maTepuanbsl [DIEeKTPOHHBIH
pecypc; Pexxum nocryma http://new.znanium.com]. — (Bsiciiee o6pa3zoBanue: bakanaBpuar). —
www.dx.doi.org/10/12737/12066. - ISBN 978-5-16-103090-5. - Tekcr : anektponnsiid. - URL:
https://new.znanium.com/catalog/product/989195 (nara o6pamenus: 05.03.2020)

2. 3arkeiim, A. 10. 3axreiim A. 0. OOmas XxuMHuYecKass TEXHOJIOTHSA: BBEICHHE B
MOJICJTUPOBAHUE XUMHUKO-TEXHOJIOTUYECKUX MPOILIECCOB [ DNEKTPOHHBIN pecypc] : yueb. mocodue
| A. 10O. 3akreiim. - 3-¢ u3a., nepepad. u jgom. - Mocksa : Jloroc, 2012. - 304 c. - (HoBas
yHuBepcuTeTckas oubmuoreka). - ISBN 978-5-98704-497-1. - Tekcr : snextponHsid. - URL:
https://new.znanium.com/catalog/product/468690 (xara oopamierwust: 05.03.2020)

0) JlonmosiHuTebHAS JIUTEPATYpA:

1. CucremHblli aHaJIKM3 MPOLIECCOB U aNNaparoB XHWMUYECKOW TEXHOJOIMM  yueo.
nocobue / D.J[. UBanuuna, E.C. Yepuskosa, H.C. benunckas, E.H. MBamkuna ; Tomckuii
MOJIUTEXHUYECKUN YHUBEPCUTET. - ToMcK : M31-B0 TOMCKOTO MOJIMTEXHUYECKOTO YHUBEPCUTETA,
2017. - 115 c.- ISBN 978-5-4387-0787-5. - Tekct : oanekrponHsii. - URL:
https://new.znanium.com/catalog/product/1043896 (nata obparenus: 05.03.2020)

2. Kapmanos, ®@. . Cratuctuueckue MeTo/ibl 00pabOTKH SKCIIEPUMEHTAIBHBIX J1aHHBIX
¢ ucnonb3oBanreM nakera MathCad: YueOnoe nocooue/®..Kapmanos, B.A.OctpeiikoBckuii -
Mocksa . KYPC, HUL] UH®PA-M, 2015. - 208 c. ISBN 978-5-905554-96-4. - Tekcr :
anekTponHbi. - URL: https://new.znanium.com/catalog/product/508241 (nara oOpatneHus:
05.03.2020)

3. Kozios, A. 0. Cratuctuyeckuii ananu3 qaHabix B MS Excel : yue6. mocooue / A 1O.
Koznos, B.C. Mxurapsu, B.®. lIumos. — Mocksa : UHOPA-M, 2019. — 320 c. — (Bsiciiee
obpasoBanue: bakanaBpuat). — www.dXx.doi.org/10.12737/2842. - ISBN 978-5-16-101024-2. -
Teker : onekrponnsrii. - URL: https://new.znanium.com/catalog/product/987337 (nmata
obpamenus: 05.03.2020)

4. TonosueB, H.H. DHepretka u HampaBIE€HHOCTb XMMHUYECKHX IPOLECCOB.
Xumudeckass KMHETHKa M XUMHYecKoe paBHoBecwe : y4eO. mocoowe / H.H. TonoBues. -
Kpacnosipck : Cub. ¢enep. yn-t, 2018. - 148 c. - ISBN 978-5-7638-3783-4. - Tekcr :
anekTponHbi. - URL: https://new.znanium.com/catalog/product/1031881 (mara oOparieHwus:
05.03.2020)



https://new.znanium.com/catalog/product/989195
https://new.znanium.com/catalog/product/468690
https://new.znanium.com/catalog/product/1043896
https://new.znanium.com/catalog/product/508241
https://new.znanium.com/catalog/product/987337
https://new.znanium.com/catalog/product/1031881

5. berukoB, M. MW. OcuoBbl mnporpammupoBanus Ha VBA mis Microsoft
Excel/beraukoBM.U. - HoBocubupck : HI'TY, 2010. - 99 c.: ISBN 978-5-7782-1460-6. - Tekcr :
anektpoHHbii. - URL: https://new.znanium.com/catalog/product/549331 (mata oOpaiieHus:
06.03.2020)

6. lleeBa, B.C. KomnbroTepHoe Moie/iupoBaHue B HeTera3oBom jeie . y4ued. mocodue /
B.C. JleeBa ; Tomckuii mMONMMTEXHUYECKHH yHUBEpcUTeT. - Tomck : M3a-Bo Tomckoro
nonuTexauyeckoro ynmpepcutera, 2018. - 86 c¢. - ISBN 978-5-4387-0806-3. - Tekcrt :
snekrponnsii. - URL: https://new.znanium.com/catalog/product/1043846 (mata oOpamicHus:
06.03.2020)

7. Hazapos, C. B. IIporpammupoBanue B makerax MS Office : yue6. mocooue / C. B.
Hazapos, II. II. Menbnukos, JI. II. CmonpHukoB u ap.; nox pen. C. B. Hazaposa. - Mocksa :
®unanck u ctatuctuka, 2007. - 656 c.: mi. - ISBN 978-5-279-02926-6. - TekcT : 371eKTpOHHBIH. -
URL: https://new.znanium.com/catalog/product/369386 (nata obparmienus: 06.03.2020)

8. Aunpees, C. M. MoaenupoBanue 00bEKTOB M CHCTEM YIIpaBJIEHUs | yueOHoe mocobue /
C. M. Aunapees ; MI'TY. - Maraurtoropck : MI'TY, 2017. - 1 snektpoH. ont. auck (CD-ROM). -
3aru. c TUTYJL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3337.pdf&show=dcatalogues/1/1138
496/3337.pdf&view=true (mara oOpamenus: 04.10.2019). - MakpoodsekT. - Tekcr
anekTpoHHBIH. - ISBN 978-5-9967-1028-7. - CBenenust noctynssl Takxe Ha CD-ROM.

9. baxxenos, H. M. MeTo/1pl 0JJTHOMEPHOI U MHOTOMEPHOM ONTHMH3AIIUH : TPAKTHKYM I10
muctnuiuinae "MogenupoBanue cuctem" / H. M. baxenos, E. C. Psounkosa ; MI'TY, Kadenpa
MPOMBINIICHHOW KUOEPHETHUKUW M CUCTeM ympaBieHus. - Marautoropck : MI'TY, 2011. - 1
anektpoH. onrt. guck (CD-ROM). -  3arm. ¢ Turyn. okpanma. -  URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1344.pdf&show=dcatalogues/1/1123
747/1344.pdf&view=true (mata oOpamenus: 04.10.2019). - Makpooobekr. - Tekcr
ANEKTPOHHBIN. - CBefieHus AocTymnHbI Takxke Ha CD-ROM.

10. I'aBpmoBa, . B. MmwuraimonHoe mojenupoBaHue . ydeOHoe mocodue / U. B.
IaBpuiiosa ; MI'TY. - Marautoropek : MI'TY, 2016. - 1 snektpoHn. onT. auck (CD-ROM). - 3ari.
c THUTYII. JKpaHa. URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2836. pdf&show—dcataloques/1/1133
202/2836.pdf&view=true (mara oOpamenus: 04.10.2019). - MakpooObekr. - Tekcr
AIIEKTPOH-HBIH. - CBeieHus JocTynHbI Takxke Ha CD-ROM.

11. Kyxrta, 0. b. KomnbroTepHoe MOJeIMpOBaHHE TEXHOJIOTMUECKHUX IPOLECCOB !
yueonoe mocobue / 0. b. Kyxra. - Marauroropck : MI'TY, 2014. - 1 31eKTpOH. OMNT. AUCK
(CD-ROM). - 3aru. c TUTYIL. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=928.pdf&show=dcatalogues/1/11189
39/928.pdf&view=true (nara oopamenus: 04.10.2019). - MakpooObeKT. - TeKCT : 3IeKTPOHHBIH. -
Ceenenus noctynssl Takke Ha CD-ROM.

12. Jlykuna, O. A. Chemical and Oil Production. IIpakTukym 1o HHOCTPAaHHOMY SI3BIKY :
yaeonoe nmocobue / O. A. Jlykuna, E. A. [Tukanosa. - Maruuroropck : MI'TY, 2012. - 1 31ekTpoH.
OIIT. TIICK (CD-ROM). - 3ar. c TUTYIL 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=986.pdf&show=dcatalogues/1/11191
22/986.pdf&view=true (gara oopamerus: 04.10.2019). - MakpooOBeKT. - TEKCT : 3JEKTPOHHBIH. -
Ceenenus noctynssl Takke Ha CD-ROM.

B) MeToanyeckne yKazaHus:

1. MarepuaJibHbBIC U TETUIOBBIC PACUEThI XHMHKO-TEXHOJIOTHIESCKHIX TIPOIECCOB © yueOHOE
nocobue / C. A. Kpoutoa, 3. . Kocruna, U. B. ITonypko, A. B. T'opoxos; MI'TY, [kad.
XTHMu®X]. - Marautoropck, 2011. - 50 c. : Ta6um. - URL:


https://new.znanium.com/catalog/product/549331
https://new.znanium.com/catalog/product/1043846
https://new.znanium.com/catalog/product/369386
https://magtu.informsystema.ru/uploader/fileUpload?name=3337.pdf&show=dcatalogues/1/1138496/3337.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=3337.pdf&show=dcatalogues/1/1138496/3337.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=1344.pdf&show=dcatalogues/1/1123747/1344.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=1344.pdf&show=dcatalogues/1/1123747/1344.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2836.pdf&show=dcatalogues/1/1133202/2836.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2836.pdf&show=dcatalogues/1/1133202/2836.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=928.pdf&show=dcatalogues/1/1118939/928.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=928.pdf&show=dcatalogues/1/1118939/928.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=986.pdf&show=dcatalogues/1/1119122/986.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=986.pdf&show=dcatalogues/1/1119122/986.pdf&view=true

https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/107901
2/36.pdf&view=true (mara oopamenus: 04.10.2019). - MakpooObeKT. - TEKCT : 3ICKTPOHHBIM. -
HMMmeeTcs nmeyaTHBIN aHAJIOT.

2. KpeinoBa, C. A. BBenenue B aHanW3 W CUHTE3 XUMHUKO-TEXHOJOTUYSCKUX CUCTEM !
yuebnoe nmocobue / C. A. Kpbutosa ; MI'TY. - Maruuroropck : MI'TVY, 2016. - 1 21eKTpoOH. OIIT.
JICK (CD-ROM). - 3ari. c TUTYIL 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/113146
4/25.pdf&view=true (mata obparienus: 04.10.2019). - MakpooObeKT. - TeKCT : 3JIeKTPOHHBIH. -
Ceenenus noctynnsl Takxke Ha CD-ROM.

3. Kpbutora, C. A. O0miast xumudeckast TexHoJsiorus : yueonoe mocooue / C. A. KpsbiioBa,
P. H. A6apaxmanos, U. B. Tlonypko ; MI'TV. - Marautoropck : MI'TY, 2017. - 1 anekTpoH. onT.
JICK (CD-ROM). - 3ar. c TUTYIL 9KpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/113909
8/26.ndf&view=true (mara o6namenus: 04.10.2019). - MaknooOmekT. - TeKCT : AMEKTNOHHKIN. -

r) [Iporpammuoe obecneuenue u UnTepuer-pecypceni:

IIporpammHoe o0ecnieueHue

Haumenoanue [10 Ne norosopa Cpox aeicTBus JIULICH3UN
MS Windows 7
. J-1227-18 ot
Professional (s 08.10.2018 11.10.2021
KJIACCOB)
FAR Manager CBOOOHO 0eccpoyHO
pacmpoctpansiemoe [10
MS Office 2007 | v, 435 1 17.09.2007 Geccpouro
Professional
MathCAD v.15
. A J1-1662-13 ot
Educatlon_ l_JnlverS|ty 52112013 06eccpodHo
Edition
IIpodeccnonanbubie 0a3bl JaHHBIX M HHPOPMAIMOHHBIEC CIPABOYHbIE CHCTEMbI
Hassanue xypca Cchuika
Hanumonanbuas

URL: https://elibrary.ru/project risc.asp

WH(POpPMAIIMOHHO-aHAIUTUYECKAsT CHUCTeMa —
Poccuiickuii MHAEKC HAYYHOI'O ITUTUPOBAHMS
IMTouckosas cucrema Akanemus Google (Google|URL: https://scholar.google.ru/
Scholar)
Wudopmanmonnas cuctema - Emmnoe oxno|URL: http://window.edu.ru/
JOCTYIa K HH(GOPMAIMOHHBIM pecypcam

9 MartepHaJIbHO-TEXHHYECKOE o0ecneyeHne TUCIUTILIHHBI (MOLYJIs1)

MaTepI/IaJ'IBHO-TeXHI/I'-IeCKOe o0OecrieueHune JUCIHHUIIIIMHBI BKJIIFOYACT:


https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/1079012/36.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=36.pdf&show=dcatalogues/1/1079012/36.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/1131464/25.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=25.pdf&show=dcatalogues/1/1131464/25.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/1139098/26.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=26.pdf&show=dcatalogues/1/1139098/26.pdf&view=true
https://elibrary.ru/project_risc.asp
https://scholar.google.ru/
http://window.edu.ru/

Y4eOHble ayTUTOPUU JIJIsl TPOBECHUS 3aHATHI JTEKITMOHHOTO TuTa (MyabTUMEIHITHbIE
CpeICTBA XpaHEHUs, Iepeiaynl U NpeACcTaBIeHUs HH(OpMAaLIUN)

VYyeOHas ayauropus [ HOPOBENEHUS NpakTHueckux 3aHaTuil (IlepconasbHble
komibioTepbl ¢ maketom MS Office, BbI-x070M B MHTEpHET M C JOCTYIIOM B 3JCKTPOHHYIO
UH(OPMAIIMOHHO-00Pa30BaATEIBHYIO CPEly YHUBEPCUTETA)

VY4eOHble ayqUTOPUH Ui TPYHIOBBIX W UHIUBUAYATbHBIX KOHCYJIbTAIMM, TEKYIIETro
KOHTPOJIS U TPOMEKYTOUHOM artecTannu (ocka, yaeGHbIE CTOJIBI, CTYIIbS)

[lomemenuss nans XpaHeHHs M NPOPUIAKTUYECKOrOo OOCTYXUBAaHUS Y4eOHOTO
o0opynoBaHusl (CTEUIaXKu s XpaHEHHUsT OOOpyAOBaHHWSA, METOAUYECKAs JUTepaTypa Ui
VUeOHBIX 3aHITHI)



Ipuioxenne 1

6 YueOHO-MeTOqUYECKOE 0OOecTIedeHHe CAMOCTOATEIbHOM padoThl 00y4Yarommxcst

[To mucnunnune «MojaenupoBaHUE XHWMUKO-TEXHOJIOTMYECKUX IPOILIECCOB» IMPETyCMOTpEHa
ayIuTOpHAs U BHEAyAUTOpHas paboTa 00y4yarouxcs.

AynuTopHas paboTa CTyI€HTOB IIPEIoiaraeT peuieHre 3a1a4 Ha IPAaKTUIECKUX 3aHATUSAX.

AyautopHbie padorbl. biaok Ne (BJI):

BJI Nel «O0mme BOPoChl MOIeJTMPOBAHUS)

Nel. CoctaButhb 6510K-CXeMY ISl BHIYMCIEHUS CYMMBI KBaIpaToB nepBbix N dncen HaTypaibHOTo
psna.

Ne2. CocraButh O10K-cxemy Ais perieHus 3agaun. KakoBo Bpems maJieHus Tena, €CiIu U3BECTHBI
BBICOTA, YCKOpEHHME, HadajbHass CKOpocTb. [IpuMedaHue: mpenycMOTpeTb KOPPEKTHYIO
00paboTKy BCEX BO3MOXHBIX CIIy4aeB: pEIICHHE HE MMEeT KOPHEH; OJIUH, JiBa KOPHS; 3a/a4a He
uMeeT PU3NYECKOro CMBbICTIA.

BJI Ne2 «AnanuTudeckuii moaxoa Kk mogaeauposanuio XTID»

Nel. Paccuurtarh nOHHO-MOJEKYJsIpHBIM coctaB B mpucyrctBud KCN, pacTBopéHHOro B
kommmyectBe C=10-5 monb / n. 3amarbes 3HaueHwssMu pH B mHTepBane 0-14 u uumcieHHO
paccunTaTh HMOHHO-MOJIEKYJIIPHBIM COCTaB JIaHHOM CHCTeMbl. Pe3ynbTaTel IpeacTaBUTh
rpadguueckn B MHPOPMATUBHOM BHJE (MCIIOJIb30BATH JIOTApU(MUYECKYIO LIKATy BBIXOAHOIO
napamerpa). Bce pacuérsl npou3sBecTy B TaOJIMYHOM MPOLIECCOPE.

Ne2. Paccuntarh MOHHO-MOJEKYJSPHBIH COCTaB pacTBOpa B MPUCYTCTBUU PAcTBOPEHHOMN
YIJIIEKUCIIOTHl BO3yXa. 3anarbes 3HaueHussMu pH B mHTepBane 0-14 u 4MCIEHHO paccUUTaTh
MOHHO-MOJIEKYJISIPHBIM COCTaB JIaHHOW CUCTeMbl. Pe3ynbTarel mpencTaBuTh IpadUueckud B
UH(POPMATUBHOM BHUJe (MCIOIB30BaTh JIOrapu(PMUUECKYIO IIKaJTy BBIXOJHOTO mapamerpa). Bee
pacy€Thbl MPOU3BECTH B TAOJIUYHOM IIPOLIECCOPE.

Ne3. 3nauenne pH pactBopa perynupyercss M3MEHEHHEM KOHLEHTpauuu copasl. Paccuurars
koHUeHTpauuo [CO3-] MOHOB B pacTBOpE, C yY4ETOM DPACTBOPEHHOM YIVIEKHCIOTHI BO3/1YyXa.
3anatecs 3HaueHusMH pH B uHTepBane 0-14 u yMciIeHHO paccunTaTh MOHHO-MOJIEKYJISPHBIN
COCTaB JIaHHOW cHcTeMBbl. Pe3ynbTarel mpeicTaBUTh Tpaduueckd B HH(OPMATHBHOM BHJIE
(ucronb30BaTh Jorapu(pMUUECKyrO MKy BBIXOAHOTO mapaMerpa). Bece pacu€rsl npoussectu B
TaOJIMYHOM TTPOIIECCOPE.

Ne4. ITpu kaxom 3HaueHuu pH nocruraercs nmpaktudecku nosiHoe ocaxzaeHue MnS (IIPMnS =
2.5*10-10), conmepsxamierocss B pactBope B komudectse 0,005 moib, npu ymorpedieann 50 %
n30bITKa ocamutens. Pacu€r mpowmsBectw Ha 1 71 umcciemyemoro pactBopa. Bce dmcienHbie
pacuéThl MPOM3BECTH B TAaOJIMYHOM IPOLECCOpE, AHAIUTUYECKHE 3alluCU MpPEelIOoCTaBUTh B
OymaxkHOM BuJe. M3 Kaknx cOOOpaKeHU HaXOIUTCSl KOHIIEHTpaIus Maprania [Mn2+], u mexmy
KaKMMU XUMHUYECKUMH (POPMaMHU OCYIIECTBIISIETCS MaTepUANIbHBIN OanaHc 1o cepe n30bITOUHON
KOHLIEHTPALUU OCaTUTENsA?



No5. Tlpumep 5. Paccunmrtarh paBHOBECHBIM COCTaB ra3oBOW ¢a3bl IS yCTaHOBHMBIIETOCS
TCP-MOAUHAMUYCCKOTI'O paBHOBCCHUA MTOJYUCHUA BOAAHOI'O Ira3a 1o pCakiuuiaM:

C+HZO<:>CO+H2 (1)
CO+H,0<CO, +H, 2)

B JaHHOM 3alaHUHU JOCTATOYHO OI'PAHUYIUTLCS BHIBOAOM Ky6I/I‘leCK01"0 YpaBHCHHSA OTHOCHUTECIIBHO
pCO.

Ne6. Onenuts ¢ (PU3MKO-XMMHUYECKOH TOYKH 3pEHHUs, NMpU KakoM 3HauyeHHMH pH mpomcxoaur
nepexoq PbSO4 B Pb(OH)2. M3smenenue pH npoucxoaut 3a cuét NaOH.

B cucreme npeamnojgaracTcda MpoOTCKaHue CICAYIOMUX XUMUYCCKUX peaKHHﬁ:
2+ 2—

Pb(OH),,, < Pb*,,+20H @)

Pb(OH)zTB, < H" +HPDO, 3)

HSO, pp < H'pp +50,% oy (5)

HZO®H++OH_ (6)

YpaBHeHHE MaTepUaIbLHOTO OanaHca:

[Na"] < [OH ]+[Pb(OH)"] @)

YpaBHEHUE SITEKTPOHENTPAITHLHOCTH:

[Na*]+ 2*[Pb2+] +[Pb(OH)"]+[H"] < 2*[8042_] +[HSO, ]+[HPbO, ]1+[OH]

[Tpumeuanue: Mmpu peleHuH 3a7adyd HeoOXOIUMO MO HUMEIOUIMMCS YPaBHEHUSIM COCTaBUTh
CUCTEMY HEJIIMHEMHBIX YPABHEHUM, U3 HEE BBIBECTU YPAaBHEHMUE:

2*K22 *K,*K, *[H+]4 +K,*K, *K, (2*K, +K, *KW)*[H+]3 -
_K4*KW2(K1*KW2 + Kz*Ks*Ks)*[H+]_2*K1*K4*K5*Kw4 =0
N3 cipaBOYHBIX TaHHBIX HEOOXOAMMO OIMPEACIUTh KOHCTAaHThI XuMHUueckux peakiuit K1 — K6
cooTBeTcTBYrOIMX peaknuit (1)-(6).

N3 mpakTudeckux cooOpaXeHWH YCTaHOBUTH, C KaKOHl TOYHOCTHIO HEOOXOIUMO BBIYUCIATH
3HauyeHue pH.

Henuneiinoe YpaBHCHUC HCO6XOI[I/IMO peliuThL  YCTBIPbMA  MCETOJAMMU! Fpa(bI/ILIeCKI/IM,
ITOJIOBHHHOT'O OCJICHU, HI)IOTOHa, xopAa. C)IeJ'IaTI) BbIBOJ O 6LICTpOTe CXOOUMOCTH KaXXI0Io0 H3



METO/IOB IPH 331aHHOIN TOYHOCTH MOJIy4aeMOTr0 Pe3yJibTaTa, a TAKKe MPUTOAHOCTH JUIsl peIIeHuUs
3a/1a9¥ (PU3UKO-XUMUYECKOTO MOJICIIMPOBAHHUS.

PaccMmoTpeTh 3BpHCTHYECKMI METOJ, OCHOBaHHbIM Ha cnenu@uke permaeMoi 3a1a4u, peleHus
CHUCTEMBbI HEJIMHEWHBIX YPAaBHEHUM.

Bce BeumcieHus ITPOMU3BECTU B TaOJIMYHOM mponeccope.

No7. Tlonw3ysacek pesyiabTraramu 3afadv Ne6 MCKIIOYUTH U3 CHUCTEMbl HEJIMHEHWHBIX YpaBHEHHM
ypaBHeHue (3). Pemuth noaydyeHHYI0 CUCTEMY ypaBHEHUH IBpHCTHYECKUM MeToaoM. Crenartb
BBIBO/JI O BIIUSIHUU ypaBHEHUS (3) Ha MOJIETIMPYEMYIO CUCTEMY U UTOroBoe 3HaueHue pH.

No8. Tlonw3ysacek pesyiabraramu 3afayv Ne6 MCKIIOYUTH U3 CHUCTEMbl HEJIMHEHWHBIX YpaBHEHHM
ypaBHeHue (3) u (5). Pemuth Nmonyd4eHHYIO CHUCTEMY YpPaBHEHUH 3BPUCTUYECKHUM METOIOM.
Cnenatp BbIBOA O BiMsiHMM ypaBHeHUs (3) u (5) Ha MOAENUPYEMYIO CHCTEMY M HMTOrOBOE
3Hauenue pH.

Ne9. Tlonw3ysch pesynapTaTaMu 3aaaud Ne6 HCKIHOUYUTH M3 CHUCTEMbl HEJIMHEHHBIX YpaBHEHUM
ypaBuenue (1), (3), (5). Pemnth monmydyeHHYI0 CUCTEMY YpaBHEHHI IBPUCTHUUYECKUM METOIOM.
Crenatpb BbIBOJ O BIMSIHMM ypaBHeHUs (1) Ha MoJeIMpyeMyto CUCTEMY U UTOroBoe 3HaueHue pH.

NelO. PemmTh HenuHeWHOe ypaBHeHHE M3 33Aadu (6) C MOMOIIBI0 BCTPOEHHBIX (DyHKUHUH
cnenuanusupoBaHHod mporpammel  MathCad. CpaBHUTH MOJy4eHHOE 3HAYEHHE C YKe
MOJTY4YCHHBIMH.

Nell. Pemuth cuctemMy HENMHEWHBIX YpaBHEHHH W3 3amaud (6) ¢ MOMOIIBIO BCTPOECHHBIX
byHkmil crienuanusupoBaHHoi nporpammel MathCad. CpaBHUTH MOJTydeHHOE 3HAYCHHE C YKe
MOJTY4YECHHBIMH.

Nel2. Hcxons w3 MOHATHA JHHEHHAs 3aBUCUMOCTH/HE3aBHCHMOCTh XUMHUYECKUX PEaKIUH, ¢
MOMOIIBIO BCTPOCHHBIX MaTeMaTndeckux ¢pynkuuit MathCad asst cucremsl peakiuit

C+H,0&CO+H, Q)
CO+H,0<CO, +H, 2)
2*CO=C+CO, 3)
C+2*H,0=CO, +2*H, 4)

OHpCIleJ'II/ITL KOJIMYECTBO JIMHENHO-HE3aBUCUMBIX XHUMHYECKUX peaKuHﬁ. YTo 3TO 0O3HAyYaeT C
TOYKH 3pCHUA MATEMATHYCCKOI'O OITMCaHUA HaHHOI\/'I CHCTCMBI peaKuHﬁ.

Nel3. JIns HeoOpaTuMOii peakliuu MepBOro mopsijaka:
A——>B

CocraButh muddepeHnrarIbHOe YpaBHEHHE CKOPOCTH W3MEHEHHUs KOHIeHTparuu A. Pemuts
nonyueHHoe auddepeHnnanbsHoe ypaBHEHHE METO0M Diiniepa, MOAU(DUIIMPOBAHHBIM METOAOM
Diinepa, Pynre-Kyrra. Caenath BBIBOJ O TOYHOCTH KaXKIOTO M3 METOJOB B CPABHEHUU JIPYT C
apyrom. J{is pacuéra mpuHSTH CIeAyIOIe 3HAaUeHUsI HEU3BECTHBIX TapaMeTPOB:



CO0A= 0,7 monw/m; k1=0,001 1/c; h= 0,1 (1mar uHTErpUpPOBAHHUS ).
Nel4. Jlns mociaenoBaTebHON CXeMbl HEOOPATUMBIX XMMHYECKUX PEAKIMK MEpBOro mopsaka: A

A—8 3B 5C

CocrtaBuTh cucteMy audQepeHIaIbHbIX YPaBHEHUH U PEIIUTh €€ ¢ MOMOILBI0 MeToaa Diliepa,
moaudummpoBannoro Diinepa, Pynre-Kyrra 4-oro mopsnaka. Caenath BBIBOJ O TOYHOCTH
MOJIy4aeMOr0 PELICHUs], CPaBHUBAs METOAbI Mexay co0oil. J{is pacuéra mpUHATH CIeaylolIue
3HAYEHUS] HEU3BECTHBIX [1apaMETPOB:

CO0A= 0,5 momp/m; COB= COC=0 wmonsw/m; k1=0,05 1/c; x2=0,07 1/c; h = 0,1 (war
HHTCTPUPOBAHUS ).

BJI Ne3 «OkcnepuMeHTANbHBIH MOIXO01)

Nel5. C magé&xnocthio P = 0,95 o6ecniednTh OTHOPOAHOCTD MIPEICTABICHHBIX B TAOIMIIC TAHHBIX,
UCKJTIOYMB TPyObI€ OMINOKH.

K 1 2 3 4 5 6 7 8

Yk o 54 53 54 30 46 52 55 54

Ayy % 4,2 3,2 4,2 -19,8 -3,8 22 52 472
18 10 18 392 14 4,8 27 18

Pentenne maHHOW 3aJa4M OCYIIECTBUTh Ha OCHOBE JBYX METOJIOB: TpaBWia 26 U KPUTEPHUS
MaKCHUMAaJbHOTO OTKJIOHCHHs r. Pacu€Thl BBIMOJIHUTH C HUCIOJB30BAHUEM TAOJIUYHOTO
nporeccopa.

Nel6. C mnomompro aHanu3a OJHOPOAHOCTH cpeaHuX. /[laTh 3aKiroueHue O BO3MOYKHOCTH
npeumyuiectsa (P = 0,95) ogHoro annapara nepes ApyruM Mo MpoU3BOAUTEIEHOCTH.

Yik 1 2 3 4 5 6 7 8 9 10 >

Vi 188 192 189 193 190 191 190 188 190 |- 1711

Yio 193 192 189 194 195 192 194 198 196 195 | 1933

Pac4€Tbl BBIMOJIHUTG € UCTOIB30BAaHUEM TaOIMYHOTO MIPOLIECCOpa.

Nel7. lns mpoBepku MpaBUIIBHOCTH BoJibTammepomerpudeckoi (BA) Meronuku ompeseneHus
kaavmusi Cd  umcmosib30Baii  aTOMHO-a0COpOIMOHHYI0 (AA) METOAHWKY, HE COAEPKAIIYIO
cucTeMatuyeckol mnorpemHoctd. llpu aHanmmsze ogHOro M TOro e OOBEKTa IOIY4YEHbI
cienyromue pe3ynbTarsl (Hr / Mt Cd):




BA :20,5; 22,4; 23,4; 20,8
AA: 23,5;20,1; 19,9; 19,2; 19,0; 22,8
ConepKuT 11 BOJIbTaMIIEPOMETPUYECKAs METOAMKA CUCTEMAaTUYECKYIO IIOIPENIHOCTD?

Pacuérel BBIMOMHUTH C HWCHOJB30BAHHMEM TAOJMYHOrO Tporeccopa 0e3 HCHOIb30BAHUS
CIIELUAJILHON HAJACTPONKH.

Nel8. Pemuts 3amaay Nel7 ucnonb3yst HAICTPOUKY TaOJIMYHOTO MpoIeccopa.

Nel9. Hcnonp3ys Tpu pa3inuyHBIX TIEHEPUPYIOIIUX COOTHOUICHHUS, COCTABUTH IUIAHBI
skcnepumMenToB JAdD25-2. anucars Gpopmyisl s pacuéra K03 HUIIUSHTOB TUHEHHONW MOAETIH.

No20. Ha ocHOBe NaTHHCKUX KBaJpaTOB COCTABUTH ISITHYPOBHEBBIN IUIaH MATH()AKTOPHOTO
OKCIEpUMEHTa Uil HWCCIEAOBAaHMS TIpolecca HWH(PPAKPACHOM CYIIKH TI'paHyIHMPOBAHHBIX
MaTepuajIoB B BaKyyMe MPU UMIYIHCHOM dHEpromoaBoje. [1oaydnTh MaTeMaTH4YeCKyIO B BHJIE
CyMMBI HEJIMHECWHBIX (DYHKIMHA W HaWTH ONTHMAJbHBIC 3HAYCHUS PEKUMHBIX IapamMeTpOB
mpoliecca: IUIOTHOCTH TEIJIOBOTO TOTOKa Ha ToBepxHocTH cios Matepuana CI (Bt/cm2),
tonuHa cinos npoaykra CII (mm), nnamerpa rpanyn CIII (mm), Benuunnsl paspsokenus CIV (M.
pT.cT.) U ckBaxxHOCTU uMItylbca CV (%,0THolIeHUE BpeMeHU paboThl HHPPAKPACHOM CYIINIKU K
olmieMy BpeMeHU NpeObIBaHMsSI B CYIIMJIBHON Kamepe). Beixomom mpouecca y (pyo/T) umu
KpUTEpUEM ONTUMAJIbHOCTH TMPHUHATA BEIUYMHA NPUBEAEHHBIX JIOXOAOB C  Y4ETOM
MPOM3BOIUTENIFHOCTH YCTAHOBKH M TOTPEOISIEMOI MOIITHOCTH.

YpoBHH 1 2 3 4 5

CI(Bt/em2) | 0,50 0,75 1,00 1,25 1,50

CII (mm) 5 10 15 20 25

CIII (mm) 2 3 4 5 6

CIv (Mm. | O 150 300 450 600

pT.CT.)

Cv 0,2 0,4 0,6 0,8 1,0

x(0e3pasm.) -2 -1 0 1 2

u [Inan y u [Tnan y u [Inan y u [Inan y
pyo/T pyo/T pyo/T pyo/T

1 11111 | 130 8 41352 | 270 15 21543 | 320 22 12345 | 200

2 23451 | 140 9 53142 | 320 16 44444 | 320 23 24135 | 170

3 35241 | 230 10 15432 | 200 17 51234 | 390 24 31425 | 240




4 42531 | 290 11 33333 | 400 18 13524 | 240 25 432151 | 250

5 54321 | 260 12 45123 | 260 19 25314 | 220

6 22222 | 350 13 52413 | 340 20 32154 | 220

7 34512 | 260 14 14253 | 180 21 55555 | 40

BJI Ne4 «KoMOMHUPOBAHHBIN MOAX01»

1) Ne 21. TTo nannabiM paboThl [Koke u xumus. 1978. Ne 8. C.12—14] na ocnose [1DD
24 paccumtarth 3Ha4YeHUS KOIDPUIMEHTOB IJMHEHHOW MOAENW ISl TMPOTHO3UPOBAHUS
nokaszarelsiel kauectBa kokca M25 u M10, cpaBHUTh UX C MPEII0KEHHBIMU B CaMOM Hay4YHOMH
CTaThbe.

2) YkazaHue K BbINOJIHEHUIO 3a1anus: Ha tucte TII B uHpopmMaTUBHOM BUE CO3AaTh
TaONuIly TUIaHUpOBaHUsA dKcnepuMmeHTa [1DD 24, BBecTH cpeaHue 3HAYCHMS TOKazaTenen
KadecTBa Kokca M25 u M10 u paccuntarh KO3pGUIIUESHTHI JMHSHHOW MOICIIH.

Cooepircanue npaxmuueckoz2o pazoena OUuCyYUnIUHbL

3) Aneopumm pewienusi HeTUHEUHO20 YPAGHEHUSL MEMOOOM XOpO,

4) Aneopumm pewienus HeluHeliHo20 ypasHeHus memooom Hetomona;

5) Aneopumm  pewieHusi HeIUHENUHO20 YPABHEHUS MemoOOM OeleHUs OmpesKd
nO-noaam.

6) Hcnonvzoeanue naxema npukiaonvix npoepamm MathCad ons  pewenus
HelUHEeUHbIX YPAGHEeHULL

7) Aneopumm pewenus oughghepenyuanvrwvix ypaguenuii memooom Jinepa.

8) Aneopumm  pewtenusi OugpepeHyuanbHulX  YpasHeHuti  MOOUDUYUPOBAHHBIM
Memooom Jinepa.

9) Aneopumm peuwtenusi oughghepenyuanvHulx ypasrenut memooom Pynee-Kyma

uemeépmozo nopsokKa.

10)  Hcnonvzosanue naxema npuxiaouvix npocpamm MathCad ons  pewenus
oughghepenyuanvuvix ypasHenuii,

11)  Pewenue cucmem Oughgpepenyuanvuvix — ypasHenuil memoodom  iiiepa,
Moougpuyuposannvim memooom diinepa, Pynee-Kyma.

12)  HUcnonvzosanue nakema npuxiaousix npoecpamm MathCad ons pewenus cucmem
oughghepenyuanvrvix ypasHenui.

13)  Ilpaxmuueckuili ananus cywecmsyrowux mooenet 8 0oaacmu npopheccuoHaIbHOU
KomMnemeHyuu (NpocHo3uposanue noxazameneu kawecmea kokca M25 u MI10) ¢ naxeme
MathCad.

14)  HUcnonvzosanue 6cmpoeHHOl HAOCMPOUKYU MAOIUYHO20 NPOYeCccopa OJisk PEUUEHUs.
3a0a4 Mamemamu4ecko2o nPocpamMmupOBaHus.

15)  HUcnonvzosanue npoepammer MathCad ons pewenuss 3a0aw mamemamuuecko2o
NPOCPAMMUPOBAHUSL.

IlepeyeHs BONPOCOB K IK3aMeHY

16)  OOure BOIIPOCH MOJICTUPOBAHUS:
17) OO0miee mpencraBieHHe O Mojenu. MareMaThyecKre MOJETHU: OIpeeIICHHE,




JOCTOMHCTBA M HEIOCTATKH, MO CPABHEHHUIO C JAPYrUMHU (GopMaMu MPEICTABICHHS MOJICIH.
[Tonsitue «monenupoBanuey. Kimaccudukanus MaTeMaTHIeCKUX MOJIEICH;

18)  CymHOCTh aHAJIUTHYECKOTO TMOAXO0Ja K MaTeMaTHYECKOMY MOJICIUPOBAHHMIO.
Monenupoanue XTIl npu aHaTUTHYECKOM MOJIXO/IE;

19)  CymHOCTh 3KCIIEPUMEHTAILHOTO MOIX0/1a K MAaTeMaTHYECKOMY MOJICTTMPOBAHUIO;

20)  CymHocTh KOMOMHMPOBAHHOI'O MMOX0/Ia K MATEMAaTHYECKOMY MOICIMPOBAHUIO;

21)  TpueaMHCTBO MpH ONMUCAHUH OOBEKTA MOACITHPOBaHUs. TpeOOBaHMS K KaXKIOH 13
COCTaBHOM YacCTH MPHU ONMUCAHUU O0BEKTA;

22) OCHOBHBIE 3Tarbl MOACIUPOBAHUS (C TOSICHSIOIKUMHU IIPUMEPaMHU ).

23)  AHaIMTHYECKUH MOAXO K CO3J[aHUI0 MATEMaTHUCCKUX MOJICIICH:

24)  YpaBHEHHE H30TECPMbI XUMUYCCKOM PEaKIUH IIPU PA3IMIHOM CIIOCO0E BBIPAKECHUS
KOHILIGHTpaluuu. BplpakeHHe ypaBHEHUST H30TEPMbl XMUMHUYECKON pEaKIUU B CTAHIAPTHBIX
ycioBusix. CBsi3b MEX1y KOHCTaHTaMHU PaBHOBECHS B 3aBUCUMOCTH OT CIIOC0O0a OMUCaHUs COCTaBa
peakuuonHor cmecu. CooTtHomieHust s koHcTaHT paBHoBecuss KN, Km, Kc B uuaeanbHOM
pacTBope;

25) Meton Témkuna-IlIBapiMana pacu€ra KOHCTAHT pPABHOBECHUS XUMHYECKOU
peakuuu. IloHATHE O JMHEWHOW 3aBUCHMMOCTH M HE3aBUCUMOCTHM YPAaBHEHUW XHUMHUYECKUX
peakiuii. OCHOBHBIE CIIOCOOBI OMPEEICHUs JTUHEHHO HE3aBHUCHUMBIX YPABHEHHMH XUMHYECKHX
peaKuuii;

26)  BO3MOXHOCTH  MOJCIMPOBAHUSA MPH  TEPMOJAMHAMHUYECKOM  MOAXOAE K
OTPENICTICHUI0O PABHOBECHBIX 3HAYCHHUH YYACTBYIOIIMX B XHUMHUYECKHX PEAKIUAX BEIIECTB.
OCHOBHBIE JOCTOMHCTBA U HEJOCTATKU IPHU TEPMOJAUHAMUYECKOM MOJIXO/IE.

27)  OcHOBHBIC TIOHATUS W onpejaeneHus (HOPMAIbHON KHUHETUKU: CKOPOCTh
XUMHUYECKON PEaKIINH, CIIOCOObI € BBIPAKEHHSI, MOJICKYJISIPHOCTh PEaKIUU, MOPSAIOK PeaKIuH,
YACTHBIN MOPSIOK PEaKIUH, MOCTYJIAT XUMHUYECKON KuHEeTHKH (ypaBHeHue ['ynpnoepra u Baare),
KOHCTaHTa CKOPOCTU XUMHUYeckoil peakiuu (nmpaBuio Baut-I'odda, ypaBuenue Appennyca);

28)  CkopocTb HEOOPAaTHUMBIX PEaKIIHii IEPBOTO, BTOPOT0, N-0ro nopsiakoB. OOpaTiumas
peakiys IepBOro NopsaKa;

29)  OOpartuMmasi peakiiMs BTOpPOro TOpsaka (pa3o0parTh TOJBKO YACTHBIA CITydaii:
OTCYTCTBHE B HAuyaJbHbII MOMEHT BPEMEHHM MPOAYKTOB PEAKIMH, HAuaJbHbIE KOHLEHTpALUU
pearupymomux BeecTB paBHbI MeX 1y co00it). [TapamienbHbie peakiuu;

30) IlocnemoBaTenbHBIE pEaKIHMM TMEPBOro mopsiaka (I  TPEX XUMHYECKHX
coenuHeHui). PazoOpaTh pa3nuuHble ciiydan COOTHOIIEHUS MEXITY COO0 KOHCTAaHT XUMUYECKHUX
peaKuuii;

31)  OOmiee ypaBHEHHE JMHAMUKH M CKOPOCTH XUMHUECKOW PEaKIInH, TPOTEKAIOIIEH B
MOTOKE B PEXHME HACaTbHOTO BHITECHEHUsA. HeoOpaTumas peakius MEepBOrO U BTOPOTO
MOPSIIKOB, MPOTEKAIOIINX B MIOTOKE B PEXKUME HICATHLHOTO BHITECHEHUS.

32)  OOpaTtuMasi peakiiisi IEpPBOrO U BTOPOTO MOPSAKOB, MPOTEKAIOIINX B MOTOKE B
pexumMe uaeanbHoOro BeiTecHeHus. [locnenoBarenbHas peakiys mepBoro mopsiika, mpoTeKaroIas
B [IOTOKE B PEXXUME HI€AIbHOTO BHITECHEHHUS.

33) KwuHeTHka TOMOTEHHBIX pEaKIUMi, IMPOTEKAIOIIMX B PEKUME HICATHHOTO
nepeMeIINBaHuUs.

34) DKCNEPUMEHTAIBHBINA MOIXO0] K CO3IAHUI0 MAaTEMATHYECKUX MOJICTICH:

35)  CratucThyeckre METOJbl aHajdh3a JKCICPUMCHTAIbHBIX JIaHHBIX: OIlEHKA
WCTUHHOTO 3HAYCHHS U3MEPSEMON BEIWYUHBI M €€ NUCIIEPCUU; ONpeesieHHe rpyObhIX OIMIMOOK;
CPEIHEB3BEIICHHbIE OIICHKH JIMCIIEPCUU; aHATN3 OJJHOPOJIHOCTH UCXOHBIX OLEHOK JUCIIEPCHH.

36)  OmnpenencHre  JOBEPUTEIBHOH  OMIMOKA  AKCICPUMEHTAIBHOM  OICHKH
u3MepsieMoro mapamerpa. OmpejeneHue 4YHClIa MOBTOPHOCTEH OIBITa, 00ECIIEYUBAIOLIETO
MOJTYYCHHUE 3aJaHHOM JOBEPUTEIHHON ONIMOKU OIIEHKH OmpesernsieMoro mapamerpa. [IpoBepka
HOPMAaJIbHOCTHU 3aKOHA pacIpeesIeHUs.

37)  Meron HamMeHbIIMX KBaaparoB. CYIIHOCTh IUIAHUPOBAHHS DKCIIEPUMEHTA B
CPaBHEHHMHU C HEIMOCPEICTBEHHbIM IPUMEHEHHMEM METOJla HAaWMEHbBIIUX KBaJApPaTOB.
CHUMMeTpHUYHBII U paBHOMEPHBIH IJ1aH 0/1HO(GaKTOPHOT O KcriepruMenTa [IpoBepka aekBaTHOCTH



MOJyYeHHOTO YpaBHEHHs M €ro HCIOJIb30BaHUE Ui ONTHMHU3aLUuHU mpouecca. I[lomydyenue
SKCIOHEHIINALHOM 3aBUCMOCTH 110 pPe3yIbTaTaM OAHO(AKTOPHBIX SKCIIEPUMEHTOB.

38)  MeTon HaMMEHBLIMX KBAJPATOB MPH 00pabOTKE pe3yabTaTOB MHOTO(AKTOPHOTO
JKCcTepuMeHTa. JIByX ypOBHEBBIH IIJ1aH MOTHOTO (hakTopHOTO 3KcnepumeHTa [1dD2n. YpaBHeHus,
MoJIy4aeMble 10 pe3yJibTataM peanu3aiuu mianoB [IOD2n. CtaTucTuueckuii aHanm3 3HAYUUMOCTH
OLICHOK K03 (UIIMEHTOB YpaBHEHHUS, €r0 aIeKBaTHOCTU U pabOTOCTIOCOOHOCTH.

39)  JpoOubiii dakrophsiii skcrepumenT JPI2n-n'. [lnanupoBaHue >KCHEPUMEHTA
IIPU U3MEHSIOIIEMCS] BO BPEMEHH BIIMSIHUM Ha MpoLecc HEYYTEHHBIX (hakTopoB. Mcnonb3oBanue
wiaHoB [1®O2n JIPI32n-n' 11 noaydyeHUs ypaBHEHUs IIpolecca B BUJE 3KCIOHEHLMATbHON
3aBHCUMOCTH.

40)  MHOroypoBHEBbIE  MHOTO(AKTOPHBIC  IUIAHBI, HCIOJB3YIOIIUE  CBOICTBA
JaTUHCKUX KBaapatoB. [loctpoenue minanoB. [lomyuenue u ucnonb3oBaHuE JUIsl ONTUMU3ALNU
YPAaBHEHUH Pa3IU4HONU CTPYKTYPBHI.

41)  IlpuMeHeHHE METOAOB IPUOIMKEHHBIX BRIYMCICHUN TP 00paboOTKe pe3yabTaToB
9KCHepUMEeHTOB. OLEHKHM TOYHOCTH H3MEPEHUH © NpUOMMKEHHBIX BbIYMCICHUH. OleHka
TOYHOCTH OKOHYATEIBHOTO pe3yibTara. [IpakTrueckoe BRIYUCICHNE OMHUOOK.

42)  YwucieHHbIC METO/BI PEUICHUS 3a/1a4, BO3HUKAIOLIUX IIPH MOJICTUPOBAHHH:

43)  PelieHHe HEIMHEWHOTO YPaBHEHUS METOJIOM JICJICHHS OTPE3Ka MOIoJIaM;

44)  PemieHue HEIMHEWHOTO ypaBHEHUs MeToIoM HbioTOHA,

45)  PelieHHe HEIMHEWHOTO YPaBHEHUS METOIOM XOPI;

46)  Pemenue ¢ hepeHIATBEHOTO ypaBHEHUS METOJ0M Dneipa.
MonudunrpoBansbeiii Meton Diinepa. Apanrtanus Meroaa OJiepa Ha ciaydail cuUCTEM
muddepeHnanbHbpIX  ypaBHeHHH. (OcoOEHHOCTH pemieHusi cucteM JaudQepeHInaIbHbIX
ypaBHEeHUU pyu MoaenupoBanuu XTII;

47)  Pemenue muddepenimanbHoro ypaBHeHus mertojoMm Pynre-Kyra uerBéproro
nopsiaka. Aganrauus Merona Pynre-Kyra Ha cinyuait cuctem nuddepeHmanbHbIX ypaBHEHUH.
OcobeHHoCTH penieHus cucteM auddepeHnanbHbIX ypaBHeHHI ipy MojenupoBaann X T11.

IIpnioxenne 2

7 OneHo4YHbIe CPEACTBA IJIsl IPOBEACHHUS NIPOMEKYTOYHON aTTeCTALINH

a) [lnanupyemble pe3yJibTaTbl 00y4YeHHs] U OLEHOYHBbIE CPeACTBA /Jisl MPOBeAeHUs
NMPOMEKYTOYHOM aTTeCTAlluM:

Crpykry

PHBIA IInanupyemsblie
JJIEMEHT pe3yJIbTaThI OneHouHble CpeACTBA
KOMIIETE o0y4yeHus

HIUU

ITK-16 criocoOHOCTHIO IMITAHUPOBATH M TPOBOIUTH (PH3MUECKUE U XUMUIECKHAE IKCTIEPUMEHTHI,
IPOBOJIUTH 00pabOTKY MX pe3yJlbTaTOB M OLICHUBATh MOTPEIIHOCTH, BBIIBUTATh TUIIOTE3bI U
YCTaHABIIMBATh I'PAHUIIBI UX IPUMEHEHHUS], IPUMEHSTh METO/Ibl MATEMAaTHYECKOI0 aHAIN3a U
MOJIEJTMPOBAHUS, TEOPETUYECKOTO U SKCIIEPUMEHTAILHOTO UCCIIEI0BAHUS.

3HaThb -NOHAMUSL IlepeyeHb BONPOCOB K IK3aMeHY
«MOO€ebY,
«mamemamuieckas OO61mre BOmpoChl MOJICTUPOBAHHUS:
MOO€NbY, 1. OOmee mnpencraBieHne O Mojenu. MaremarnuecKkue
HeoHX00UMOCmb MOJIEJIU: ONpeJieJIeHUue, JOCTOUHCTBA U HEIOCTaTKU, MO
Haau4us CPaBHEHHUIO C JIpyruMu ¢GopMaMu MPEICTaBICHUS
mamemamuyeckou mozenu. [lonsarue «momenupoBanue». Knaccudukanus
Mmooenu ons MaTeMaTUYEeCKUX MOJIEJIEH;
ONUCAHUA 2. CyIIHOCTh AHAIMTUYECKOTO TMOJX0Ja K
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XUMUKO-MEXHOL02U
yeckoeo npoyecca
ol cghepol
npou3800cmaa;
-pusuKo-xumuueck
uti Memoo
MOOenUupoBaHus
PABHOBECHO20
cocmaesa cmecu,
-nousamue 0
JIUHEUHOU
3asucumocmu/nesa
BUCUMOCTU
XUMUYECKUX
peaxyuu,
-0CHOBHbIE
OnoK-cxemvl  OnA
ONUCAHUSL
BbIUUCTUMENLHO2O
aneopummas
-0CHOBHbIE
yucieHHvle
Memoovl  peleHus.
VpasHeHus,
noIYYaemMo2o 8
Xxooe
PUBUKO-XUMUYECKO
20  MOOenUposanus
PABHOBECHO20
cocmaesa cmecu,
-0CHOBHbIE
oughghepenyuanvroi
e VpasHeHus
Gopmanvroi
KUHeMUKU,
-0CHOBHbIE MEMOObL
YUCTEHHO2O
pewenus
ougpepernyuanvHvl
X ypasHeHuii,
-00Wy10 Memoouxy
nocmpoenusl
(6vl6e0enUs)
oughghepenyuanvol
X YpasHeHut Ha
ocHose
MAmepuaibHo20 U
Menio8o2o

MaTEeMaTUYECKOMY MOJACIUPOBAaHNI0. MonenupoBaHue
XTII npu aHaTUTHYECKOM MOJIXOJE;

3. CymHocTs JKCIIEPUMEHTAIILHOTO
OAXO0Ja K MaTEMaTUYECKOMY MOJIEIUPOBAHUIO;

4, CymnHoCTh KOMOMHUPOBAHHOTO TI0JIX0]1a
K MaTeMaTH4eCKOMY MOJIEIMPOBAHUIO;
5. TpuenuHCTBO TpH OMHCAHUH OOBEKTA

MozeupoBaHus. TpeOoBaHMs K KaXKJIO0M M3 COCTaBHOM
YacTH NP OMUCAHUH O0BEKTa;

6. OcHOBHbBIE 3Tallbl MOJEIUPOBAHUS (C
MOSICHSIOUIMMHU IIPUMEPAMHU ).
AHaJIUTHYECKUH MOAXOJ K CO3JaHMI0 MAaTeMaTHYECKHX
MOJEJIEH:

7. YpaBHEHHE  H30TEpPMBl  XHUMHYECKOU
peakiuu TMpPU  Pa3IUYHOM  CIOCOOE  BBIPAKECHHS
KOHILICHTpalUUU. BbIpa)keHHe ypaBHEHUS HU30TEPMBbI

XUMHUYECKON PEAKIMU B CTAaHIAPTHHIX yCIOBUSAX. CBsI3b
MEXIYy KOHCTaHTAaMU PaBHOBECHS B 3aBUCHMOCTH OT
coco0a OMUCAaHUS COCTaBa PEAKIMOHHOM CMECH.
CooTtHomeHus s KoHcTaHT paBHOoBecus Ky, Ky, K¢ B
UJIeaTbHOM PaCTBOPE;

8. Meron Témkuna-IlIBapiimana pacuéra
KOHCTaHT PaBHOBECHs XUMUYECKON peakuuu. [lonsTue o
JIMHEWHOM 3aBHUCHUMOCTH M HE3aBUCHUMOCTU YpPaBHEHHI
XUMUYECKUX peaKIuii. OcHOBHBIE CIIOCOOBI
ONpeNeleHUsT JMHEWHO HE3aBUCUMBIX  YpaBHEHUU
XMMHYECKUX PEAKIIU;

9. Bo3MoXHOCTH ~ MOJENMPOBAaHUS — TIPH
TEPMOJMHAMHYECKOM  TOJXOJe K  OMNpENeTICHUI0
PAaBHOBECHBIX 3HAYEHUI YYAaCTBYIOIIMX B XMUMHYECKUX
peakmusx  BemecTtB. OCHOBHBIE  JOCTOMHCTBA U
HEJIOCTATKU MPU TEPMOJMHAMUYECKOM MOJIXOJIE.

10. OCHOBHBIE TIOHATHS H  OMNpPEACIICHUS
dbopManpbHOW  KHHETHKU:  CKOPOCTh  XHMHUYECKOM
peaKkiu, CcrocoObl €€ BBIPAXKEHUS, MOJICKYISIPHOCTH
peaKIu, MOPSII0K PEaKIUK, YACTHBIN MOPSAIOK PEeaKIIUH,
MOCTyJIaT ~ XUMHYECKOM  KHHETHKH  (ypaBHEHHUE
I'ynpnbepra u Baare), koHCTaHTa CKOPOCTH XUMHUYECKOM
peakuuu (paBmO Bant-T'odda, ypaBHEHHUE
Appenunyca);

11. Cxopocth HeoOpaTHUMBIX peakumit
MepBOTro, BTOPOT0, N-0r0 nopsakoB. OOpaTumast peaxiius
TIEPBOTO TOPSI/IKA;

12. OOparumasi peakuus BTOPOTO MOpsaKa
(pa3o0OpaTh TOJIBKO YACTHBIA CIy4dal: OTCYTCTBHE B
HayaJlbHBII MOMEHT BpPEMEHU MPOAYKTOB pPEaKlUH,
HayaJbHBIC KOHIICHTPAIIMM PEarupyIOIUX BEIIEeCTB
paBHBI MeXx 1y coOoii). [lapannensHble peakuny,
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HITUH

oananca; 13. [TocnenoBarenpHble pEaKIUH TEPBOTO
-ouppepenyuanvh mopsaka  (ams  TpEX  XMMHYECKUX  COSAMHEHHUN).
ble VpasHeHus Pazo0Oparh pasznuuHbIe CIy4ad COOTHOILICHHS MEXIY
HenpepvleHOCMU c000¥ KOHCTAaHT XUMUYECKUX PEAKIUH;
nomoka ons 14. OO6miee ypaBHEHHE JUHAMUKH U CKOPOCTH
HeyCMaHo8UsuLe2oc XUMHYECKOH peaklMy, TMPOTEKAIoMed B TIOTOKE B
5 0BUIICEHUSL peKUME  WJICAIBHOTO  BBITECHEHHWs.  HeoOpartmmas
HecHcumaemon peaxius MepBoro U BTOPOTrO MOPSIIKOB, MPOTEKAIOIINX B
HcuUOKoCcmu, MOTOKE B PEKUME HJICATHHOTO BHITECHCHUSI.
Menionpo8oOHOCH 15. OOparumasi peakuus MepBoro U BTOPOTO
U,  KOHBEKMUBHOI MOPSZIKOB, IMPOTEKAIOMIUX B IOTOKE B  PEXUME
Menionpo8OOHOCM UJCATLHOTO BBITeCHeHUs. [lociemoBarenbHas peakiius
u, ougpysuu, MEPBOTO MOPsIKA, MPOTEKAIONIAas B MOTOKE B PEXKUME
KOHBEKMUBHOU UJICaJIbHOTO BBITCCHECHUSI.
oughghyzuu; 16. Kunernka TOMOTEHHBIX peaxnui,
VypasHeHue MPOTEKAIOIINX B PIKUME UICATHHOTO TIEPEMEITHBAHMUS.
MamepuanibHoO20 DKcIepuMeHTaTbHBIN TTOJIXO/T K CO3/IaHHIO
bananca oA MaTeMaTHYEeCKUX MOJIEIIEH:
INEeMEHMAaAPHO20 17. Craructuueckue METO/IbI aHaau3a
06véma peaxmopa IKCIEPUMEHTAIBHBIX JIAHHBIX: OIICHKA HCTUHHOIO

1106020 muna.
-2/leMeHmbl meopuu
nooobust
(npoucxoogicoeHue
Kpumepues
nooodbus,
KpUmepuanibHvlx
ypaeHeHull, us
OCHOBHbBIX
oughghepenyuanvroi
X VpasHeHul,
ONUCHIBAIOUJUX
npoyecc),
ypasHeHue
CMaHOapmHo2o
HOPMATbHO2O
pacnpeoeneHusi, e2o
ceoticmea;

3HAUEHUS HU3MEepsieMON BEIMYMHBI U €€ JUCIIEPCHH;
olpesieieHue TrpyObIX OIIMOOK; CpeAHEB3BEILCHHbIE
OLICHKH JUCIEPCUU; AHAJIU3 OJHOPOJHOCTH HCXOJHBIX
OLICHOK JMCIIEPCHUH.

18. OnpeneneHne JTOBEPUTEILHOW OMUOKU
JKCIIEPUMEHTAILHON OLEHKH M3MEPSEMOrO IapameTpa.
Onpenenenue yucna MOBTOPHOCTEN OTIbITa,
o0ecreynBaroIero MOJIy4YEHHUE 3aJlaHHOU
JIOBEPUTEIIbHON  OIIMOKM  OLEHKHU  OINpeAessieMoro
napamerpa. IIpoBepka  HOPMaJbHOCTH  3aKOHa
pacnpezeneHusl.

19. MeTton HaMMEHBIINX KBaJpaToB.
CyIHOCTb MJIaHUPOBAHUS HKCIIEPUMEHTA B CPABHEHHUH C
HENOCPEACTBEHHBIM IPUMEHEHUEM METOAa HAUMEHBIINX
kBajapaToB. CHUMMETpPUYHBIA M pPABHOMEPHBIA IIJIaH
0JTHO(haKTOPHOTO IKCIIEPUMEHTA ITpoBepka
aJIecKBaTHOCTU  TOJyYEHHOTO  YpaBHEHHMSI U  €ro
UCIOJIb30BaHUE AN ONTHMMM3AallMM  IIpolecca.
[lonydeHne  HSKCIMIOHEHIMATBHOM  3aBUCUMOCTH IO
pe3yabTataM OAHO(PAKTOPHBIX IKCIIEPUMEHTOB.

20. MeTtoi HaMMEHBIIUX KBaJIpaToB MpuU
o0paboTke pe3yiIbTaToB MHOT0()aKTOpHOTO
JKCIepUMeEHTa.  JIByXypOBHEBBI  IUIAH  ITOJIHOTO
¢aktopHoro  skcmepumenta [10D2".  VpapHenwus,
MoJiydaeMble 10 pe3yJbTaTaM pealu3aliy IJIaHOB
MI®32". CratucTudeckuii aHaM3 3HAYUMOCTH OIEHOK
KOO(pPUIIMEHTOB ypaBHEHHS, €ro aJeKBaTHOCTH W
paboToCIIOCOOHOCTH.
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21. JpoOHbIii  (akTOpHBIH  AKCIEPUMEHT
2", [InanupoBaHue  SKCIEPUMEHTA  IIPU
U3MEHSIONIEMCS BO BpPEMEHHM BIHUSHUM Ha TMPOIECC
HeydTEHHBIX (akTopos. Mcnons3opanue mianos [1M2"
[[CDBZM' JUISL TIOJYyYEHHS] YpaBHEHHMs Mpolecca B BUIE
HKCHOHEHIIMAIBHON 3aBUCUMOCTH.

22. MHOroypoBHEBBIC MHOTO(aKTOPHBIC
TUTaHBI, UCTIOJIB3YIOIIME CBOMCTBA TATUHCKUX KBAJPATOB.
[Toctpoenue mianoB. [lonydyenre u UCHOIB30BaHUE IS
ONTUMM3ALMHU YPABHEHUN PA3TUYHON CTPYKTYPBIL.

23. [IpuMeHeHHe METOJ0B MPUOIMKEHHBIX
BBIYHCIICHUI npu o0paboTke pe3yIbTaToB
9KcrepuMeHTOB. OIEHKM TOYHOCTH HU3MEpPEeHUH U
NpuUOMMKEHHBIX  BhIUUCIeHUH. OlLeHKa  TOYHOCTH
OKOHYATEeJIbHOTO pe3yibTara. [IpakTryeckoe
BBIYHCIICHUE OMIHOOK.

YmeTh

8bl6eCmu OCHOBHbIE
VpasHeHUs.
Gopmanvrou
KUHEemuKu,

yMmembp
AHAIUMUYECKU
pewums OCHOBHbIEe
VpasHeHs.
Gopmanvro
KUHEemuKU,
8bl6ecmu Ha OCHOGE
MAmMepuanrbHo20
unu mennoeo20
bananca ocCHOBHbIE
ougpepernyuanbHvl
e VDABHEHUSL:
HenpepbleHOCU
nomoxa ona
HEeYyCMaHo8UBULE20C
5 08UIICEHUS.
HecoHcuMaemoul
JHCUOKOCMU,
Menionpo8oOHOCH
U, KOHBEKMUBHOU
Menionpo8oOHOCH
u, oughghyzuu,

KOHBEKMUBHOLL
oughghyzuu;
ypaeHeHue
MamepuanibHo2o
bananca
91eMEeHMAapHO20

o

Nel. PaccuntaTh MOHHO-MOJEKYISIPHBIA COCTaB B IMPUCYTCTBUU
KCN, pacrBopéunoro B kommaectse C=10" monb / 1. 3amatbcs
3HaueHussiMu PH B unHTepBane 0-14 W 4YHCIEHHO paccUUTaTh
HMOHHO-MOJIEKYJIIPHBIA COCTaB JAHHOW CHUCTEMbI. Pe3ynbTarbl

npeactaButh  rpaduyeckn B MH(QOpPMATUBHOM  BHUIE
(ucronmp30BaTh  JIOTaQpU(MUYECKYIO  IIKAaTy  BBIXOJHOTO
napamerpa). Bce pacu€rbl npou3BecTM B TaOJIUYHOM
IpoIIeccope.

Ne2. PaccuuTtaTh HMOHHO-MOJIEKYJSIDHBIM COCTaB pacTBOpa B
MPUCYTCTBUU PACTBOPEHHOM YTIIEKUCIOTHI BO3yXa. 3amaThCs
3HaueHussiMu PH B uHTepBane 0-14 W YHCIEHHO paccUUTaTh
WOHHO-MOJIEKYJIIPHBIA COCTaB JAHHOW CHUCTEMbI. Pe3ynbTarbl

NpeACTaBUTh  rpaduyecku B MHPOPMATUBHOM  BHJIE
(ucronb3oBaTh  JOrapu(PMHUUECKyH0  IIKaJTy  BBIXOJHOTO
napamerpa). Bce pacu€rbl npou3BecTM B TaOJIMYHOM
poreccope.

Ne3. 3nauwenme pH pactBopa perymupyercs H3MEHEHHEM
KOHIEHTpAlMH co/bl. PaccunTaTh KOHLIEHTPALUIO [COs'] HOHOB
B pacTBOpe, ¢ Y4ETOM DPACTBOPEHHOM YTIIEKUCIOTHI BO3/1yXa.
3amatbcs 3HaueHusMu PH B wunHTepBane 0-14 u uucieHHo
paccuuTaTh MOHHO-MOJIEKYJSIPHBIM COCTaB JAHHOW CHUCTEMBI.
Pesynbrarel npeacTaBuTh rpaduuecku B ”HOOPMATHBHOM BHJIE

(ucmonp3oBaTh  JOrapu(PMHUUECKYI0  IIKAaTy  BBIXOJHOTO
mapamerpa). Bce pacuérel MpOW3BECTH B TaOJIMYHOM
IIPOLIECCOPE.

Ned4. Tlpu kaxom 3HaueHuun PH pocTHraercss NpPaKTUYECKU
nosiHoe ocaxkaeHue MnS (I1Pyps = 2.5*10'10), cojiepKallerocs B
pactBope B komuyecTBe 0,005 moinb, npu ynorpebneruu 50 %
n30bITKa ocaautens. Pacu€r mpousBectu Ha 1 1 uccaeayeMoro
pactBopa. Bce uncnennbie pacu€Tsl MPOU3BECTH B TAOJIUYHOM
npoieccope, AaHAIUTUYECKUE 3aluCu  MPEAOCTaBUTh B
OymaxxHoM Buae. M3 kakux cooOpakeHUHW HaXOIUTCS
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06véma peakmopa | KoHueHTpanust Mapramma |[Mn*], W Mexay KakuMu
n106020 muna; XUMAYECKUMU  (OpMaMH  OCYIIECTBIISIETCS MaTepHaIbHBIN

-co30ampw
COOCMBEHHYIO

@yHKyuro 8

maobauyHoOM
npoyeccope.

0anaHc 1o cepe U30BITOYHOIN KOHIICHTPAIIUU OCAJUTEs?

Ne5. ITpumep 5. Paccuntarh paBHOBECHBIN COCTaB ra30BOil (ha3bl
JUIE  YCTAaHOBUBIIETOCS TEP-MOJUHAMUYECKOTO PaBHOBECHS
MOJTyYSHHS BOJISIHOTO Ta3a M0 PeaKIHsIM:

C+H,0<=CO+H, (1)

CO+H,0<=CO,+H, (2

B nmaHHOM 3ajaHUM JOCTaTOYHO OTPAHUYUTHCS BBIBOJOM
KyOW4eCcKOro ypaBHEHHUSI OTHOCUTENHLHO Pco.

Ne6. OueHUTH ¢ PUBNKO-XUMHUYECKON TOYKH 3PEHUS, TPH KAKOM
sHayenun PH npoucxogur mepexona PbSO, B Pb(OH),.
N3menenue pH npoucxoaut 3a cuér NaOH.

B cucreme nmpenmonaraeTcs — MpOTEKaHHE
XUMHAYCCKHX PEaKITHIA:

PbSO,,, < Pb*,p +S0, 0 (1)

CIIETYFOLIIX

Pb(OH),., < Pb*,, +20H,;, (2)
Pb(OH),,, < H"p» +HPLO, -, (3)
Pb(OH)*,-» < Pb* -, +OH -,  (4)

HSO, pp ©H» +S0,” by (5)
H,0 < H +OH™ (6)

ypaBHeHI/Ie MaTCpruaJIbHOTO Oananca:

[Na"] < [OH ]+[Pb(OH)"] (7)

VpaBHEHHE IIEKTPOHEHTPATHHOCTH:
[Na*]+2*[Pb*]+[Pb(OH)*]+[H"] & 2*[SO,* ]+[HSO, 1+

[Ipumeuanue: mpu  pelIeHUH 337a4M  HEOOXOAMMO IO
MMEIOLUMCSl YPaBHEHMSIM COCTABUTh CUCTEMY HEJIMHEHHBIX
YPaBHEHUN, U3 HEE BHIBECTH YPaBHEHHUE:

2% K2 * K, * K *[H ] + K, ¥ K ¥ K, (2% K, + K, *K ) *[H]
_K4*KW2(K1*KW2 +K, *Ky *Kg) *[H]-2*K, *K, *K; *K

N3 cripaBOYHBIX aHHBIX HEOOXOJMMO OIPEACIIUTh KOHCTAHTHI
xumuyeckux peakuuid Kj; — Kg cOOTBETCTBYIOIIMX peakuuii
(1)-(6).

N3 mpakTudeckux COOOpaKeHUM YCTaHOBHTH, C
TOYHOCTBIO HEOOXOIMMO BBIYHUCIIATH 3HaYeHHe pH.
HenuneiiHoe ypaBHeHHE HEOOXOJUMO PEIIUTh YETHIPHMS
MeToAamMu: rpadUyecKuM, TMOJIOBHHHOTO JeneHus, HproToHa,
xopa. Crnenatb BBIBOJI O OBICTPOTE CXOIUMOCTH KaXJOTO M3

KakKou
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METOJIOB IMpPH 3aJaHHOW TOYHOCTH MOJYy4aeMoro pe3ysbTara, a
TaKXKe MPUTOJHOCTH JUIst peneHus 3a1aun
(U3UKO-XMMHYECKOT0 MOJICTUPOBAHUSI.
PaccmoTpeTs  3BpUCTMYECKMH  METOJ, OCHOBAaHHBIM  Ha
creruguKe peraeMoil 3a1a4u, pelIeHHs] CHCTEMbl HETMHEHHBIX
YpaBHEHUH.
Bce BbruncieHus mpou3BecTd B TAOIMYHOM MPOLIECCOPE.
Ne7. Tlonw3ysice pesynbTaTamu 3agauv Ne6 HCKIIIOYUTH U3
CHUCTEMbl HEIIMHEWHBIX YypaBHEHHH ypaBHeHue (3). Pemuth
MOJyYCHHYIO CHUCTEMY YPaBHEHUN 3IBPUCTUYECKHM METOJIOM.
Crnenatp BBIBOJ O BIMSIHUM ypaBHEHHs (3) HA MOAETUPYEMYIO
CUCTEMY U UTOr0oBO€ 3HaueHue pH.
Ne8. Ilonp3ysice pesynbraramu 3agadund Ne6 HCKIIIOUHUTH U3
CUCTEeMBbI HeNTMHEHHBIX ypaBHeHUH ypaBHeHue (3) u (5). Pemuts
MOJTyYCHHYIO CHUCTEMY YPaBHEHUH HIBPHCTUYECKAM METOJIOM.
Cnenate BBIBOJ O BiausHuM YypaBHeHuss (3) u (5) Ha
MOJIETUPYEMYIO CUCTEMY U UTOTrOBOE 3HaueHue pH.
Ne9. Ilonw3ysce pesynbraramu 3agadud Ne6 HCKIIIOUHUTH U3
CUCTEMbl HEJNMHEWHbIX ypaBHeHul ypaBHeHue (1), (3), (5).
Pemmnth monyueHHYI CHUCTEMY YpaBHEHHH HBPHUCTUYECKUM
MeronoMm. Cpenate BbIBOA O BIMAHUM YypaBHeHus (1) Ha
MOJIETTUPYEMYIO CUCTEMY U UTOTOBOE 3HaueHue pH.
NelO. Pemutp HenuHelHOe ypaBHeHHWE u3 3amadu (6) ¢
MIOMOIIIbI0  BCTPOEHHBIX  (YHKIMH  clenUaTu3upOBaHHON
nporpammbl MathCad. CpaBHUTE NOTydeHHOE 3HAUCHHE C YiKe
MOJTyYEHHBIMH.
Nell. Pemuth cucreMy HETMHEWHBIX ypaBHEHUH U3 3aaa4u (6) ¢
MIOMOIIIbI0  BCTPOEHHBIX  (YHKIMH  clenUaTu3upOBaHHON
nporpammbl MathCad. CpaBHUTE noTydeHHOE 3HAUCHHE C YiKe
MOJTyYEHHBIMH.
Nel2. Hcxons u3 MIOHATUSA JVHEWHas
3aBUCUMOCTH/HE3aBUCUMOCTh ~ XMUMHMYECKHX  peakuui, ¢
MOMOIIIbI0 BCTPOEHHBIX MaTematndeckux ¢ynkuuii MathCad
JUIsL CUCTEMBI peaKLuil

C+H,0=CO+H, (1)

CO+H,0<CO,+H, (2)
2*CO=C+CO, (3)
C+2*H,0=CO,+2*H, (4)

Onpenenutb KOJIMYECTBO JMHEHHO-HE3aBUCUMBIX XUMHUYECKHUX
peakuuii. YTo 3TO 03HAYaeT C TOUYKHU 3PEHMS] MATEMaTHYECKOIO
ONMCaHMS JaHHOW CUCTEMbI PEaKIUM.
Nel3. Jlnst HeoOpaTuMoOi peakliuy MepBOro MopsiKa:

A——B
CocraButh  auddepeHunansHoe  ypaBHEHHE  CKOPOCTH
W3MEHEHUs  KOHHeHTpauumu A. Pemmrs  mosydeHHoe




Crpykry

PHBIA [Inanupyemsblie
3JIEMEHT pe3yJbTaThl O1ieHOYHbIE CPEACTBA
KOMIIETE o0y4deHus
HIUH
muddepeHnmanbHoe ypaBHEHHE METO0M Ditnepa,
MOIUGUIMPOBAHHBIM MeToIoM Ditnepa, Pynre-Kyrra. Cnenatp
BBIBOJI O TOYHOCTH KaXKJIOTO U3 METOJOB B CPAaBHEHUM JPYT C
apyrom. [l pacuéra INpPUHATH  CIEAYIOIIME 3HAYCHUs
HEHU3BECTHBIX MapamMeTPOB:
= 0,7 mou/11; k1=0,001 1/c; h= 0,1 (1ar uaTErpUPOBAHU).
Neld4. Jlnms  mocnenoBaTeNbHOM — CXeMbl  HEOOpaTHUMBIX
XUMHUYECKUX PEeaKuid MepBOro nopsjaka: A
A—>B—2>C
CocrtaBuTh cucreMy auQQepeHHaIbHbIX YPAaBHEHHH U PEIIUTh
e€ ¢ MoMoIIbI0 MeTo1a Ditiepa, MOAUPUIIMPOBAHHOTO Dijepa,
Pynre-Kyrra 4-oro mnopsaka. CaenaTe BBIBOJ O TOYHOCTHU
MOJIy4aeMOT0 pellIeHus, CPaBHUBAsI METO/IbI Mexay coboil. Jlms
pacu€éra OpUHATH  CICAYIOIIME 3HAYEHUs  HEU3BECTHBIX
rapamMeTpoB:
C"A= 0,5 mounb/m; C%= COCZO Mouw/I1; kK1=0,05 1/c; k2=0,07 1/c;
h = 0,1 (luar uaTErpUpPOBaHUSI).
Bnaners |-npakmuueckumu | Nel5. C napéxHocthio P = 0,95 obecrnieunTh OAHOPOJHOCTH
Hasvlkamu pabdomol | IPEICTABICHHBIX B TaONUIle JaHHBIX, HUCKIIOYHUB TIpyObIe
8 mabauyHOM | OIINOKH.
npoyeccope (TIl); K 1 2 3 4 5 6 7 8
-NpaKmuyecKumu
" ai wikamy pabompl Yk % 54 | 53 | 54 30 46 | 52 | 55 | 54
8
cneyuanuzuposant Ayy % 42 (3242 |-198|-38 |22 |52 |42
bIX NPOCPAMMAX,
-MemMOoOOM Aykz % 18 | 10 | 18 | 392 14 | 48 | 27 | 18
CMamucmu4ecko2o '
ananuza Pemienne pmaHHOM 3amauM  OCYIIECTBUTH Ha OCHOBE JBYX
00HOPOOHOCIU METOJOB: MpaBuja 26 U KPUTEPUsSI MAKCUMAJIBHOTO OTKJIOHEHUS
oucnepcut; r. Pacu€Thl BBIIOJIHHTL C HCHOJB30BAHHEM TaOJUUHOTO
-Memooom Iporeccopa.
cmamucmu4ieckoeo | Nel6. C momoupl0 aHalivu3a OJHOPOJHOCTH cpemaHux. [laTe
ananuza  6blOOPKU | 3aKITIOUEHIE O BO3BMOKHOCTH npeumytnectsa (P = 0,95) ognoro

Ha Hanuuue 2pyovix
oumuboK;

-Memooom
CMamucmuyecKoeo
ananusa
00HOPOOHOCMU
CpeoHUX;
-Memooom
HAUMEeHbUUUX
keaopamos (MHK),
-Memooom
obpabomxku
pe3yibmamos
NACCUBHBIX

amnmapara nepej ApyruM 1o MpOU3BOIUTEIIHHOCTH.

v |1 [2 [3 4 [5[6 [7 [8 [9 [10]x
\k
Voo | 18 [19 |18 [19 [19 [19 [19 |18 [19 |- [171
8 |2 |9 |3 |0 |1 |0 [8 |0 1
Yo,| 19 [19 [18 [19 [19 |19 [19 |19 [19 |19 | 193
3 |2 |9 |4 |5 |2 |4 |8 |6 |5 |3
Pacuérer BBITIOJIHUTH C HUCITIOJIB30BaAHHUEM TaOJIMIHOTO
mporeccopa.

Nel7. Inst mpoBEpKH MPAaBUIBHOCTH BOJIBTAMIIEPOMETPUYECKOM
(BA) wmertonuku omnpenenenusi kaamus Cd  ucnonb3oBaiu
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[Inanupyemsblie
pe3yJIbTaThI
00y4eHus

O1neHOYHBIC CPEACTBA

IKCNEPUMEHMO8 HA
ocnose MHK;
-memooom 1D,
aHAnUu3 NOJYYEHHOU
Mooenu Ha
a0eKeamHocmos U
pabomocnocobHoc
mu,

-memooom DD
Memooom
noOCmMpoeHus.
MHO20YPOBHEBO2O
MHO20(DAKMOPHO20
niama,
UCNONIL3YIOWEe20
ceolicmea
JTAMUHCKUX
K6aopamoa.

aTOMHO-a0copOIMoHHYI0 (AA) METOauKYy, HE COJEpKaIlylo

CHUCTEMAaTUYECKOW norpemHocTy. [Ipu aHamuse oJHOro U TOro

e 00BEKTa MMONTydeHBI Clieayromue pe3ynbraTsl (Hr / M Cd):
BA : 20,5; 22,4; 23,4; 20,8

AA:23,5;20,1;19,9; 19,2; 19,0; 22,8

COI[ep)KI/IT JIN BOJIBTAMIICPOMETPHUYICCKAA METOJHUKa
CUCTCMATUYCCKYIO HOI‘pGH_IHOCTB?
Pacuéter BBIIIOJIHHUTD C HCIIOJIBb30BaHUECM TaOJIMYHOIO

rpoiieccopa 06e3 UCMOoJIb30BaHUS CIIEIHATIBHON HAJACTPOUKH.
Nel8. Pemuts 3agauy Nel7 ncnosnb3ys HaaCTpOHKY TaOJIUYHOTO
mpoLeccopa.

Nel9.  Hcnonb3ys  Tpu  pa3iMyHBIX  TEHEPUPYIOLIUX
COOTHOLLICHHS, COCTABHTb IUIAHBI SKcrepumentoB JIDD22
3ammcark Gopmynbl s pacdéra Kod(h(OUIMEHTOB JTUHEHHON

MOJICTIH.

Ne20. Ha ocHoBe JaTMHCKMX  KBaJpaTOB  COCTaBUTh
NSTHYPOBHEBBIN IIaH MNATH()AKTOPHOTO SKCHEPUMEHTA ISt
UCCIIEIOBAHHS nporuecca nH(ppaKpacHOH CYIIKH

IpaHy/IMPOBAHHBIX MAaTEpUAIIOB B BaKyyMe IPH HUMIYJIbCHOM
sHepronoasoje. IlomyuynTe MaTeMaTHyecKyr0 B BHJIE CYMMBbI
HEeJIMHEHHbIX (QYHKUMH W HalTH oOnTUManbHblEe 3HAYEHUS
PEKMMHBIX [1apaMETpOB MpoOIecca: IJIOTHOCTH TEIJIOBOIO
TOTOKA Ha MOBEPXHOCTH cy1osi Matepuana C; (Br/cm?), Tonmmma
ciost mpoaykra Cy (mm), tuamerpa rpanyi Cyy (MM), BETUYHHBI
paspsokenust Cpy (MM. pT.CT.) U CKBaXHOCTH umiyibca Cy
(%,oTHOIICHHEe BpeMeHH pPadOThl MH(PAKPACHOW CYIIWIKHA K
o0ieMy BpeMeHHM IMpeObIBaHUS B CYIIMIBHOH Kamepe).
Brixonom mpouecca y (py0/T) Wi KpuTepueM ONTUMaIbHOCTU

MpPUHATA BENUYMHA TPHUBEACHHBIX JOXOJOB C  Y4ETOM
TIPOU3BOJIUTEIIBHOCTH YCTAHOBKH U TTOTPEOJIIEMOI MOIITHOCTH.
YpoBHHK 1 2 3 4 5
C, (Br/em®) | 0,50 0,75 1,00 1,25 1,50
C||| (MM) 2 3 4 5 6
Ciwv (Mm. | O 150 300 450 600
pT.CT.)
Cv 0,2 0,4 0,6 0,8 1,0
x(06e3pasm.) | -2 -1 0 1 2
u| Iln y u | I y u | I y u | Ina 9
aH aH aH H
py py py py
o/T o/T o/T o/T
11111 (13 (8 |413 |27 |1 (21532 |2 |123 |20
11 |0 52 |0 5143 |0 2 |45 0
21234 |14 |9 |531 |32 |1 (444 32 |2 |241 |17
51 |0 42 10 6144 |0 3135 0
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PHBIA [Inanupyemsblie
JJIEMEHT pe3yJIbTaThI OneHnounsle cpencTaa
KOMIIETE o0y4deHus

30005071

31352 |23 |1]154 |20 |1|512 |39 (2314 |24
41 |0 032 |0 7134 |0 4125 0
41425 |29 |1 333 |40 |1 |135 |24 |2 432 |25
31 |0 1[33 |0 8124 |0 51151 |0
5| 543 |26 |1 451 |26 |1 |253 |22
21 |0 2123 |0 9114 |0
6|1222 |35 |1 (524 |34 |2 |321 |22
22 |0 3113 |0 0[5 |0
71345126 |1 (142 |18 |2 | 555 |40
12 |0 4153 |0 1|55

Cooeporcanue npakmuueckozo pazoena OuCyUnIuHsl

1) Aneopumm  pewieHuss HeIUHEUHO20 YPABHEHUs
MemoooM Xopo,
2) Aneopumm  peuwieHuss HeIUHEUHO20 YPABHEHUs.

memooom Heromona,
3) Aneopumm  peuwieHuss HeIUHEUHO20 YPABHEHUs.
MemoooM OeneHUst Ompe3Ka no-noJiam.

4) HUcnonv3o6anue nakema npurkiaOHblx npocpamm
MathCad oxs pewenus nenunetinwvix ypasuenuii;

5) Aneopumm  pewterus ougpepenyuanvrvix
ypasHenuii memooom Juiepa.

6) Aneopumm  pewenus oughghepenyuanvrwvix
VPAGHeHUl MOOUDUYUPOBAHHBIM Memodom Diiepa.

7) Aneopumm  pewenus oughghepenyuanvrwvix

ypasuenuii memooom Pynee-Kyma uemeépmozco nopsoxa.

8) Hcnonvsosanue nakema npukiaouvix npocpamm
MathCad oxs pewenus ougghepenyuanvuvix ypasuenuii,

9) Pewenue cucmem oughghepenyuanvrvix
VpasHeHull Memooom Jiiiepa, MoOUPUYUPOBAHHBIM MemOOOM
Oiinepa, Pynee-Kyma.

10) Hcnonvsosanue nakema npukiaouvix npocpamm
MathCad ons  pewenus cucmem  Oupghepenyuanvhoix
VPABHEHUI.

11) Ipaxmuueckuii ananu3z cywecmsyrowux mooeneti
8 obnacmu npogeccuonanvrol KOMHnemenyuu
(npocro3zuposanue nokazamereti kavecmea koxca M25 u M10) 6
naxeme MathCad.

OIIK-5 BrageHrieM OCHOBHBIMU METOJIaMH, CITIOCOOaMH U CPeICTBAMU MOJTy4EHUsI, XpaHEHMUS,
nepepadoTKH UHPOPMALIMHU, HAaBBIKAMU PA0OTHI C KOMITBIOTEPOM KaK CPEICTBOM YIIPaBIICHUS

uH(popmanyen

3HaTh — wuHTepdeiic 21) PeuieHMe HEMUHEWHOTO  YpaBHEHHUS  METOJIOM
u OCHOBHBIC | ACTICHUS OTPE3Ka I10IOJIaM;
BO3MOKHOCTHU 22) PemeHue HENWHEWHOTO  YpaBHEHUS  METOIOM
nporpamm  o6miero | Herorona;
Ha3HAYCHUS 23) PemeHne HeNMMHEHHOTO YpaBHEHHS METOJIOM XOPJI;
(27IEeKTpOHHBIE 24) Pemenue quddhepeHIMaNTLHOTO YpaBHEHHS METOJIOM
TaOJIUIIB]) u | Oneiipa. MoauduuupoBanHblii MeTon Oiinepa. Apnanrtanus




Crpykry

PHBIA [Inanupyemsblie
3JIEMEHT PE3yNbTaThI OneHouyHbIE CpECTBA
KOMIIETE o0y4deHus
HIIUU
CHelHATM3UPOBaHH | MeToa Oiiepa Ha ciydaid cucteM au@depeHnnaIbHbIX
BIX IpPOrpaMM [Uisl | ypaBHEHUH. Ocobennoctu pelieHus CUCTEM
peleHus 3a1ad, | nuddepeHanbHbIX ypaBHEHHH pyu MoaeupoBanun X T11;
CBSI3aHHBIX c 25) Peuienue quddepeHIMaabHOr0 YpaBHEHHS METOIOM
MaTeMaTHYeCKUM Pynre-Kyra uerBéproro mopsnka. Apjanrauus MeTojAa
monenupoBanueM; | Pynre-Kyra Ha cnydait cuctem  auddepeHnnanbHBIX
— BO3MOXHOC | YpaBHEHHIl. Ocobennoctu pelieHus CUCTEM
™ TII npu | AuddepeHranbHbIX ypaBHeHuH mpu Mojenuposanun XTII;
pELICHHH TUIOBBIX
3azay;

YMers cO31aTh Ne 21. TTo nanubM padoTs [Koke u xumus. 1978. Ne 8. C.12-14]
COOCTBEHHYIO Ha ocHose II®D 2* paccumrars 3HadeHHs Kod(hPUIHEHTOB
byHKIIHIO B | JMHEMHOW MOJEnu [UIi MPOTHO3UPOBAHUSA IMOKa3aTenen
TaOJIMYHOM KauecTBa KOKca Mays U Mg, CpaBHUTH UX C MPEIIOKEHHBIMU B
MPOIIECCOPE; CaMOl Hay4YHOM CTaThe.

KUCIIOIb30BATh VkazaHue K BBIIOJHECHHIO 3amaHusa: Ha Jmcre TII B

BO3MOXHOCTH TII I/IH(bOpMaTI/IBHOM BHUIAC CO3aTb Ta6JII/IIIy IJIaHUPOBAHUA

s peammsamuu | dkcnepumenta [IDD 2%, BBeCTH cpemHMe 3HAYCHNS TOKa3aTeICH

anropuTMa no |kadectBa kokca Mps m Mjp m paccumrarth Kod()PHUIHESHTHI

OJI0K-CcXeMe; JIMHEHHON MOJICIIH.

BbINIONHUTL B TII

BBIYMCIICHUS  TIO Cooeporcanue npakmuyueckozo pazoena OUCUUNIUHDL

HTePaLHOHHBIM 48)  Ilpaxkmuueckuti amamus cyuwecmeyouux

dopmymanm; MoOenel 8 obracmu npogeccuoHaIbHOU KOMNemeHyuu
(npocro3zuposanue nokazameineu kaiecmsea kokca M25 u
M10) 6 naxeme MathCad.

Brnaners |-mpakTrueckumu
HaBbIKaMU pabOThI
B TaOJINYHOM Cooepircanue npakmuueckozo pazoena OUCUUNIUHb
nporeccope (TTI); 49)  HUcnonvzosanue  8CMpPOeHHOU — HAOCMPOUKU
-IPaKTUYECKUMU mabauuHo2o npoyeccopa ol peutenus 3a0ay
HaBbIKaMU PpabOThl | MamemMamuyecko2o npocpamMmuposanusl.

B 50) Hcnonvszosanue npoepammer  MathCad  ons

CIICMAJIN3NUPOBAaHH
bIX IIPpOI'paMMax;

PeEULeHUA 3a0a4 Mamemamuyecko2o npozcpammupoearusl.

0) Ilopsanoxk mpoBeneHUs] NMPOMEKYTOYHOH ATTECTALMH, NMOKA3aTeJHM M KPUTEPHHU
OLICHUBAHMSA:

IIpomexxyTouHas
XUMHUKO-TEXHOJIOTHYECKUX TIPOIECCOB» BKJIIOYAET TEOPETHUYECKHUE BOIPOCHI,

arrecranus

Je(e] JAUCIHITIIMHE ((MOI[CJ]HpOBaHI/IC

IMO3BOJIAOIINEC

OLIEHUTHh YPOBEHb YCBOCHHS OOYUAIOIIMMUCS 3HAHUM, U MPAKTUYECKHE 3a/IaHUs, BBIABISIOIINE
CTerNeHb CPOPMUPOBAHHOCTH YMEHHUM W BJIaJICHUH, MPOBOIUTCS B (opMe dK3aMeHa U B Gopme
BBITNIOJIHEHUS U 3alUThl NHAUBUAYAJIBHOIO 3aJaHUS.

DK3aMeH 10 JaHHOW TUCIUIUIMHE MPOBOAUTCA B YCTHOM (opMe MO SK3aMEHAIlMOHHBIM
OuneraM, KaXAblii M3 KOTOPBIX BKIIOYAET 2 TEOPETHYECKHUX BONPOCA U OJHO MPAKTUYECKOE

3a/laHue.




IMoka3aTeu U KPUTEPUU OLIEHUBAHUS IK3aMeHa:

— Ha OICHKY «OTJIHYHO» (5 0aIoB) — 00yJarONIUICS JEMOHCTPUPYET BHICOKHIA YPOBEHB
c()OPMHUPOBAHHOCTH KOMIIETCHIIMIA, BCECTOPOHHEE, CHUCTEMATHUYECKOE U TIy0OKoe 3HaHUe
y4eOHOTO MaTepualia, CBOOOJHO BBHINONHSACT TMPAKTHUYECKUE 3aJaHHsi, CBOOOIHO OINEpUpPYET
3HAHUSIMH, YMCHHUSIMH, TIPUMEHSET UX B CUTYAIHsIX MOBBIIICHHON CIIOKHOCTH.

— Ha OIIEHKY «Xopomo» (4 Oamia) — oOydJaroniuics JEMOHCTPUPYET CPEIHUNM YPOBEHB
c(OPMUPOBAHHOCTH KOMITCTEHIMI: OCHOBHBIC 3HAHHS, YMCHHS OCBOCHBI, HO JIOIMYCKAIOTCS
HE3HAYUTENIbHBIC ONIMOKU, HETOYHOCTH, 3aTPYTHCHUS TIPU aHATUTUICCKUX OTIePAIHIX, [IEPEHOCE
3HAHWI U YMEHUI Ha HOBBIC, HECTAH/IAPTHBIC CHUTYAIUH.

— Ha OIICHKY «YyJIOBJIETBOPHUTEJbHO» (3 Oamia) — oOydYaromIMiics JIEMOHCTPUPYET
MOPOTOBBI YPOBEHb C(HOPMHUPOBAHHOCTH KOMIICTEHIIHI: B X0JI¢ KOHTPOJBHBIX MEPONPHUATHI
JIOMTYCKAIOTCSL OIIMOKH, TPOSIBIIIETCSI OTCYTCTBHE OTICIIbHBIX 3HAHWH, YMCHHMW, HAaBBIKOB,
O0OyJaIOIIMICS HWCIBITHIBAET 3HAYUTENBHBIC 3aTPYAHCHUS TPU ONEPUPOBAHUU 3HAHUSIMH U
YMEHUSIMH TP UX IIEPEHOCE HA HOBBIC CUTYAIIUH.

— Ha OLICHKY «HEY/I0BJIETBOPHUTEILHO» (2 Oaiia) — 00yJaronuiicss IEMOHCTPUPYET 3HAHUS
He Oornee 20% TeOpeTHUECKOro MaTepuana, JOMYCKaeT CYIIECTBEHHbIC OIIMOKHU, HE MOKET
MOKA3aTh UHTEIUICKTYaIbHbIC HABBIKU PEIICHHS MPOCTHIX 3a]1a4.

— Ha OLEHKY «HeYAOBJIETBOPUTEAbHO» (1 Oamn) — oOyuaromuiicss He MOXET MOKa3aTh
3HaHHWS HAa YPOBHE BOCIPOM3BEACHHS M OOBSCHEHUS WHQPOpMAIMU, HE MOXKET I10Ka3aTh
WHTEJUICKTYaJIbHBIC HABBIKU PEIICHUS MPOCTHIX 33j1au.



